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SOMEBODY GOOFED! 


Only by a freak of fortune does the leaning tower of Pisa still 
stand. A faulty foundation was not apparent until the structure 
was three stories high. It is believed the architects were then 
forced to compensate by adding weight to the opposite side to 
save the building. 

Are you building corrosion problems into your plant structures 
and equipment that will inevitably have to be compensated for 
by tremendous replacement costs? Many of these costs can be 
eliminated at the planning stage by taking advantage of the serv- 
ices of an expert in the field of corrosion resistant coatings. ..the 
Amercoat Sales Engineer. 

The Amercoat Sales Engineer is trained in the principle that 
in corrosion engineering, too, foundations are all-important. You 
can put this factory-trained man on your staff, so to speak, with- 
out cost or obligation. His advice will be truly objective since 
it is based on a knowledge of all types of protective coatings and 
more than 43,000 case histories in our files. You can be sure that 
the Amercoat coating he recommends, whether vinyl, phenolic, 
epoxy or any other type, will be the right one for your job, and 
the most economical on the basis of cost per square foot per year. 

Therefore, to effect important economies in specifying protec- 
tive coatings you are cordially invited to call on your Amercoat 
Sales Engineer... right at the beginning. He will analyze all per- 


tinent data concerning your corrosion problems based on out 
nearly 20 years of corrosion control experience, and give yol 
a comprehensive recommendation. In addition to recommending 
the proper coatings, he will assist you in writing complete spet- 
fications. However, this is not the full extent of his service: hi 
will also be available for consultation at the job site to insur 
proper application. 

There are more than 70 Amercoat Sales Engineers and Dis 
tributors located throughout the country. It will pay you to tall 
to one of these men whether you are building a new plant or att 
interested in the efficient maintenance of existing facilities. T 
same service is available and equally important savings can be 
realized in both cases. 

May we send you the name of the Amercoat man nearest you" 
Literature containing many helpful suggestions for the desig: 
and corrosion engineer is also available on request. Write t: 
Amercoat Corporation, 4809 Firestone Blvd., South Gate, Calif 


“Follow the Line of 
MOST Resistance CORPORATION Dept Gi 


4809 Firestone Blvd., South Gate, Cal 


Houston, Texas * Jacksonville, Florida * Evanston, lilinois ¢ Kenilworth, New Jerst 
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best way to protect pipelines... 


—— 
(SPECIFY 
—_—— 


Pipeline installations often represent 
multimillion-dollar investments. De- 
pendable protection of that investment 
is of vital importance. 

That’s why leading pipeline com- 
panies and utilities everywhere look to 
Dearborn NO-OX-ID Coating and 
Wrapper Combinations for long-term 
protection—for reliable insurance against 


NN 
-Ox-ID 
No-ox-10 } 


corrosion leaks and deterioration. 
NO-OX-ID Coatings and NO-OX-ID- 
ized Wrappers provide chemical and 
mechanical protection against moisture 
penetration and soil action . . . protec- 
tion that lasts for decades . . . on install- 
ations under ground or under water. One application of NO-OX-ID Alu- 
On your next coating job, you'll find minum Protective Coating keeps out- 
it pays to specify NO-OX-ID. door storage tanks bright for years. 





Why Does Industry Specify NO-OxX-ID? 


There are many practical, money-saving reasons _« Saves on material, because less material coats more 
NO-OX-ID has such widespread preference: pipe per mile per day. 


* NO-OX-ID Coatings can be hot- or cold-applied. e No irritating or noxious fumes. 


* Fewer “dope” kettles, trucks, and “cats” are needed. =e Applied by hand, traveling machine or at the mill. 


Like to know more? 


Then clip and mail the coupon for a factual booklet, “Protecting 
Underground Pipe from Corrosion with NO-OX-ID and NO-OX- 
IDized Wrappers.” Or, better still, call in your Dearborn Pipeline 


Engineer and talk it over. 


It pays to specity 


Dearborn NO-OX-ID 


For Long-Term Pipeline Protection 


Dearborn Chemical Company, Dept. C, 
Merchandise Mart Plaza, Chicago 54, Ill. 


Gentlemen: 


O Please have a Dearborn Engineer call. 


O Send mea copy of “Protecting Underground Pipe from 
Corrosion with NO-OX-ID and NO-OX-IDized Wrap- 


pers.” 

NOME. 00 ci ceidiaivecedews counts 

MDD sshd ciicces Ciswetebetaceeeeeediacecneeuneas ° 
Address 
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Any way you figure it . 


(GALVOMAG anodes are your best buy 


25% more current output. GALVOMAG high-potential anodes gen- 
erate more current—assure protection in high-resistivity soils. 


Whether you use an engineer’s slide rule or count on your fir- 
gers, GALVOMAG* high-potential anodes give you more cathodic 
protection for your dollar. Take our word for it, or do the 
mathematics yourself. Either way you get an answer that means 
less cost with GALVOMAG anodes. 


Take high-resistivity soils. GALVOMAG anodes have 25% higher 
potential than ordinary anodes—give you that extra punch you 
need without installing extra anodes. 


Take average soils. 4 GALVOMAG anodes will do the work of 5 
ordinary anodes. Fewer holes are needed so you save 20% om 
installation costs. 


Your Dow anode distributor can translate the advantages of 
GALVOMAG anodes into dollar and cents savings for your specific 
application. Call him today. THE DOW CHEMICAL COMPANY, 
Dept.MA 378P-2 Midland, Michigan. 


*Trademark of The Dow Chemical Company 


CALL THE DISTRIBUTOR NEAREST YOU: CATHODIC PROTECTION SERVICE, Houston, Texas * CORROSION SERVICES, INC., Tulsa, Oklahoma © ELECTRO RUST-PROOFING CORP. (Service Division, 
Belleville, N.J. © ETS-HOKIN & GALVAN, Son Francisco, Calif. » ROYSTON LABORATORIES, INC., Blawnox, Penna. * STUART STEEL PROTECTION CORP., Plainfield, N.J. » THE VANODE CO., Pasadend, Colt 


you can depend on DOW MAGNESIUM ANODES 
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THIS MONTH’S COVER—Tension wrapping of 
this 25-mil PVC-butyl pipe tape forces butyl 
adhesive into irregularities of this used pipe. 
The 210-Ib. machine can wrap up to 3000 feet 
a day of 4 to 8-inch pipe, adjusting lap while 
traveling. Plicoflex tape and machine was dem- 
onstrated at Humble Coens Pierce Junction 
yard. 
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Directory of 


NACE Regional and Sectional Officers 


CANADIAN REGION 


A. R. Murdison, Director; Im- 
perial Oil Ltd. Pipe Line 
Dept., 56 Church Street, To- 
ronto, Ontario, Canada 

T. R. B. Watson, Chairman; 
Corrosion Service Ltd., 21 
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@ Edmonton Section 


Malcolm W. Clark, Chairman; 
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ton, Alberta, Canada 
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ducing Department, Red- 
water, Alberta, Canada 


W. H. Seager, Secretary-Treas- 
urer; Canadian Protective 
Coating Ltd., 9336 91st 
Street, Edmonton, Alberta, 
Canada 


®@ Hamilton-Niagara Section 


H. W. Hyslop, Chairman; 
United Gas & Fuel Co., of 
Hamilton, Ltd., 82 King St. 
E., Hamilton, Ontario, Can- 
ada. 


® Montreal Section 


W. V. Papineau, Chairman; 
Dearborn Chemical Company, 
485 McGill Street, Montreal, 
Quebec, Canada 


W. E. Dempster, Vice-Chair- 
man; Kemet Ltd., 1980 Sher- 
brooke St. W., Montreal, 
Quebec, Canada, 

M. D. Phillips, Secretary-Treas- 
urer; McColl-Frontenac Oil 
Company Limited, 1425 
Mountain Street, Montreal, 
Quebec, Canada 


@ Toronto Section 


A. H. Carr, Chairman; Kop- 
pers Products Ltd., Com- 
merce & Transportation 
Bldg., 159 Bay Street, 
Toronto 1, Ontario, Canada. 


H,. A. Webster, Vice-Chairman; 
Corrosion Service Ltd., 21 
King Street, East, Toronto, 
Ontario, Canada. 


F. Farrer, Treasurer; Trans- 
Northern Pipeline Co., Ltd., 
696 Yonge St., Toronto 5, 
Ontario, Canada, 


W. A. Landon, Secretary; Con- 
sumers’ Gas Company, Ltd., 
36 Mutual Street, Toronto, 
Ontario, Canada. 


@ Vancouver Section 


F. Mitchell, Chairman: Ellett 
Copper & Brass Co. Ltd., 92 
West Second Avenue, Van- 
couver 10, B. C., Canada 


J, McLaughlin, Vice-Chairman; 
Industrial Coatings Ltd., 1920 
Main Street, Vancouver 10, 
B. C., Canada 


J. Grey, Secretary; B. C. Elec- 
tric Co., 129 Keefer Street, 
Vancouver, B. C., Canada 


c. H. Townsend, Treasurer; 
Insulmastic & Building Prod- 
ucts Ltd., 586 West Sixth, 
Vancouver 9, B. C., Canada 


B. H. Levelton, Trustee; B. C. 
Research Council, University 
of B. C., Vancouver 8, B. C., 
Canada 
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NORTH CENTRAL REGION 


H. F. Haase, Director; Corro- 
sion Consultant, 2202 South 
28th Street, Milwaukee, Wis- 
consin 


W. J. Ries, Chairman; Treto- 
lite Company, St. Louis 19, 
Missouri 


R. I. Lindberg, Vice-Chairman; 
Sinclair Research Labora- 
tories, Inc., 400 East Sibley 
Bivd., Harvey, Illinois 


V. Ivanso, Secretary-Treas- 

urer; The March Corpora- 
tion, 18101 James Couzens 
Highway, Detroit 35, Michi- 
gan 


®@ Chicago Section 


R. B. Janota, Chairman; Swift 
& Company, U. S. Yards, 
Chicago 9, Illinois 

V. M. Kalhauge, Vice-Chair- 
man; Standard Oil Co. (Ind.), 
Supply & Transportation En- 
gineering Department, Box 
7540-A, Chicago 80, Illinois 

C. Boone, Secretary; The 
Peoples Gas Light & Coke 
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A. G. Hose, Chairman; The 
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14025 Aspinwall Ave., Cleve- 
land 10, Ohio, 


A. R. Corlett, Vice-Chairman; 
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N. A. Kerstein, Chairman; 
Detroit Edison Company, 
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Michigan 
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R. P. Marshall, Treasurer; 
Saran Lined Pipe Co., Saran 
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(Detroit 20, Michigan) 


L. W. Gleekman, Secretary; 
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1609 Biddle Ave., Wyandotte, 
Michigan. 


@ Eastern Wisconsin 
Section 


L. C, Wasson, Chairman; A. O. 
Smith Corp., 3533 North 27th 
Street, Milwaukee 1, Wis. 


. S. Levinson, Vice-Chairman; 
Ampco Metals, Inc., 1745 So. 
38th Street, Milwaukee 46, 
Wis. 

Harold F. Haase, Secretary- 
Treasurer; Corr. Consulant, 
2202 So. 28th Street, Milwau- 
kee 15, Wis. 


® Greater St. Louis Section 


R. D. Sanford, Chairman; 
Nooter Corporation, 1400 S. 
Second Street, St. Louis 4, 
Missouri 


George T. Shutt, Vice-Chair- 
man; 1421 Norman Place, St. 
Louis, Missouri. 


E. W. Kleefisch, Secretary; 
Nooter Corporation, 1400 S. 
Second Street, St. Louis 4, 
Missouri 


A. W. Thiele, Treasurer; Mal- 
linckrodt Chemical Works, 
3600 North Second Street, 
St. Louis, Missouri 


@ Kansus City Section 


J. cC. Berringer, Chairman; 
Panhandle Eastern Pipeline 
Company, 1221 Baltimore 
Avenue, Kansas City, Mo. 


A. L. Kimmel, Vice-Chair- 
man; Tnemec Company, 123 
West 23rd Ave., North Kan- 
sas City, Mo. 


Robert J. Malley, Secretary- 
Treasurer; Deady Chemical 
Company, 1401 Fairfax Traf- 
ficway, Kansas City, Kans. 


@ Southwestern Ohio 
Section 


Cliff Jones, Chairman; Cincin- 
nati Gas & Electric Com- 
pany, 2120 Dana Ave., Cin- 
cinati 7, Ohio 


Sol Gleser, Vice-Chairman; 
A. M. Kinney, Inc., 2905 
Vernon Place, Cincinnati 19, 
Ohio 


William Hare, Secretary; Hare 
Equipment, 1720 Section 
Road, Cincinnati 37, Ohio 


R. Leonard Wood, Treasurer; 
Cincinnati Gas & Electric 
Company, General Engineer- 
ing Dept., P. O. Box 966, 
Cincinnati 1, Ohio 


NORTHEAST REGION 


George E. Best, Director: 
Mutual Chemical Division 
Allied Chem. & Dye Corp, 
Block St. at Wills, Balt, 
more 31, Maryland 


Frank E, Costanzo, Chairman: 
253 Ryan Drive, Pittsburgh 
20, Pennsylvania 


Dwight Bird, Vice-Chair. 
man; The Dampney Com- 
pany, 50 Business Stre 

SS Street, 
Hyde Park, Boston 36 
Massachusetts : 


. L. Simons, Secretary-Treas- 
urer; General Electric Co, 
tesearch Laboratory, P, 0. 
Box 1088, Schenectady, New 
York 


® Baltimore Section 


B. J. Philibert, Chairman; Olin 
Mathieson Chemical Corp., 
Baltimore 3, Md. 


J. H. Parran, Vice-Chairman; 
411 Terrace Way, Baltimore 
4, Md. 


C. H. Elliott, Jr., Secretary- 
Treasurer; Davison Chemical 
Company, Curtis Bay, Balti- 
more 26, Md. 


® Central New York Section 


F. C. Jelen, Chairman; Solvay 
Process Division, Allied 
Chemical & Dye Corp. Syra- 
cuse 1, New York 

Orrin Broberg, Vice-Chairman; 
Lamson Corp. Syracuse, 
New York 


Jack Yates, Secretary-Treas- 
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Power Corp, 300 Erie Blvd. 
West, Syracuse 2, New York 
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D. K, Priest, Chairman; The 
Pfaudler Company, 1000 
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man; General Motors Corp. 
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® Greater Boston Section 


Edward C. Rue, Chairman, 
Boston Edison Company, 182 
Tremont Street, Boston 12, 
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Wayne H. Keller, Vice-Chair- 
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Waban 68, Massachusetts 


Manson Glover, Secretary- 
Treasurer; Glover Coating 
Company, Inc., 376 Wash- 
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@ Kanawha Valley Section 


Jack Bates, Chairman; Car- 
bide & Carbon Chemicals 
Company, 437 MacCorkle 
Avenue, South Charleston, 
West Va. 


George Klohr, Vice-Chairman; 
E. I. du Pont De Nemours 
Co., P. O. Box 993, Charles- 
ton 24, West V. 


George Walther, Secretary, 
Westvaco Chemical Diy. 
Food Machinery & Chemical 
Corp., P. O. Box 8127, 80. 
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Fred Lloyd, Treasurer; United 
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(Continued on Page 6) 
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A method of protecting lead-lined vessels under high 
temperature conditions is to cover the metal with an 
inner lining of special acid-resistant brick. The in- 
stallation shown above is a sulfuric acid concentrator, 
16 ft. in diameter and 24 ft, high. Some 19 tons of 
chemical lead were used in lining the vessel. This 
type of construction is used commonly in the 450°F 
range and has been used at higher temperatures. 
The brick lining provides a temperature gradient to 
insulate the lead. Since no aggregate material can 
be entirely impervious to seepage, the corrosives 
leaking through are stopped by the lead lining and 
thus prevented from destroying the steel supporting 
structure. Photo courtesy Chemsteel Construction Co., Inc. 


i TYPICAL ANALYSIS OF ST. JOE CHEMICAL LEAD 
Silver . . . . . .0100% Arsenic-Antimony-Tin 
Copper. . . . 06 Combined . . . .0002% 
Bismuth on Cadmium. . . . .0002 
ae Cobalt & Nickel. . .0046 
aaa Lead by difference 99.92+ 


Among the common metals, lead has no equal in its value to 
the chemical industry as a construction material for handling 
and controlling corrosives. The metal’s utility in this field is 
well documented by a wealth of available performance 
records. The protection afforded by lead is the end-result of 
an inherent chemical property which is unique with the 
metal. Exposed to most corrosives, lead automatically forms 
upon its surface an insoluble, tightly adherent film of salts 
which henceforth acts as an effective barrier against further 
corrosion. The uncommon property of the common metal 
lead to forge its own protective armor is the reason why 
more than one-third of all the lead consumed annually in 
this country is used primarily for its resistance to corrosion. 


St. Joe Chemical Lead is the most extensively used brand 
of lead in the chemical industries. Hundreds of thousands of 
tons are now in use—especially where operating conditions 
are severe. The metal is an exclusive product derived from 
the huge ore bodies of southeast Missouri which have been 
owned and operated by this Company since 1865. Owing to 
the unusual nature of these ores, there is present in the lead 
smelted from them a combination of copper and small 
amounts of other elements which produces a grade of lead 
particularly immune to the attack of most corrosives. At the 
same time, this natural chemical lead has a lower creep 
rate and a higher resistance to fatigue failure than lead 
produced from any other ores. 


ST. JOSEPH | _y b+; 4.1) COMPANY 


250 PARK AVENUE, NEW YORK 17, NEW YORK 


THE LARGEST PRODUCER OF LEAD 
IN THE UNITED STATES 





CORROSION—NATIONAL 


ASSOCIATION 


OF CORROSION ENGINEERS 


Directory of NACE Regional and Sectional Officers 


®@ Lehigh Valley Section 

John P. G. Beiswanger, Chair- 
man; General Aniline & Film 
Corp., 720 Coleman St., Eas- 
ton, Pa. 

Edmund A. Anderson, Vice- 
Chairman; New Jersey Zinc 
Co., Research Department, 
Palmerton, Pa. 

J. Carl Bovan, Secretary- 
Treasurer; The Atlas Mineral 
Products Co., 121 Norman 
Ave., Mertztown, Pa. 


® Metropolitan New 
York Section 

¥F. E. Kulman, Chairman; Con- 
solidated Edison Co. of New 
York, Inc., 4 Irving Place, 
New York 3, New York 

W. Shepard, Vice-Chair- 

man; Chemical Construction 
Corp., P. O. Box 89, Linden, 
New Jersey 

N, N. Ehinger, Secretary- 
Treasurer; Aluminum Com- 
pany of America, 230 Park 
Ave., New York 17, New 
York 


® Niagara Frontier Section 


J. M. Fouts, Chairman; New 
York Telephone Co., 63 Dela- 
van Ave., Buffalo 8 New 
York 

E. H. Caldwell, Vice-Chair- 
man; Oldbury Electrochemi- 
cal Co., 5001 Buffalo Ave., 
Niagara Falls, New York 

Walter Szymanski, Secre- 
tary-Treasurer; Hooker Elec- 
trochemical Co., P. O. Box 
344, Niagara Falls, New York 


® Philadelphia Section 

T. F. Degnan, Chairman; 701 
W. 22nd St., Wilmington 2, 
Del. 

8. F. Spencer, Vice-Chairman; 
Keystone Shipping Co., 1000 
Walnut Street, Philadelphia, 
Pa. 

M. L. Rosenfeldt, Secretary- 
Treasurer; Water Service 
Laboratories, Inc., 4010 San- 
som Street, Philadelphia 4, 
Pa. 


Pittsburgh Section 


G. Royston, Chairman; 
Royston Laboratories, P. O. 
Box 11312, Pittsburgh 38, 
Pa. 

B. McKee, Vice-Chairman; 
Aluminum Research Labora- 
tories, Freeport Road, New 
Kensington, Pa. 

H. Kalin, Secretary; U. S. 
Steel Research Laboratories, 
Monroeville, Pa. 

R. W. Maier, Treasurer; Gulf 
Oil Corporation, 4 floor, Gulf 
3uilding, Pittsburgh 19, Pa. 


@ Schenectady-Albany-Troy 
Section 

J. F. Klim, Chairman; New 
York Telephone Company, 
158 State Street, Albany, 
New York 

R. T. Foley, Vice-Chairman; 
General Electric Company, 
General Engineering Labora- 
tory, Room 260, Bldg. 37, 
Schenectady, New York 

H. <A. Cataldi, Secretary- 
Treasurer; General Electric 
Cempany, Building 7, One 
River Road, Schenectady, 
New York 


@ Southern New England 
Section 


Cc. B. Chapman, Chairman; 
Hartford Electric Light 
Company, 266 Pearl Street, 
Hartford 15, Conn. 

D. H. Thompson, Vice-Chair- 
man; American Brass Com- 
pany, Corrosion Research 
Laboratories, Waterbury 20, 
Conn. 

E. A. Tice, Secretary - Treas- 
urer; International Nickel 
Company, 75 Pearl Street, 
Hartford, Conn. 


SOUTHEAST REGION 


E. P. Tait, Director; Alloy 
Steel Products Co., 76 4th 
St., N.W., Atlanta, Georgia 

Fred D. Stull, Chairman; 
Texas Gas Transmission 
Corp., 401 W. 3rd St., Owens- 
boro, Kentucky 

Arthur B. Smith, Vice Chair- 
man; Amercoat Corp., Jack- 
sonville, Florida 

R. C. Martin, Secretary-Treas- 
urer; Plantation Pipe Line 
Co., Atlanta, Georgia 


@ Atlanta Section 

Douglass T. Roselle, Chairman; 
Southern Bell Telephone and 
Telegraph Co., 1424 Hurt 
Bldg., Atlanta, Georgia. 

Christopher Georges, Vice- 
Chairman; Pipe Line Service 
Corp., 1734 Candler Bldg., 
Atlanta, Ga. 

Joseph A. Lehmann, Secretary- 
Treasurer; Electro Rust 
Proofing Corp., 3 Rhodes 
Center, N. W., Atlanta, Ga. 


® Birmingham Section 

H. W. Ross, Chairman, Ross- 
Henderson Company, 2116 
Rockland Drive, Birming- 
ham 9, Alabama 

. A. Gibson, Vice-Chairman, 
T. C. & I. Div., U. S. Steel 
Corp., Elec. Lab., Sheet Mill, 
Fairfield, Alabama 
R. Hart, Jr., Secretary- 
Treasurer, Alabama Power 
Company, Engineering Dept., 
Birmingham 2, Alabama 


® Carolinas Section 

Rodney B. Teel, Chairman; In- 
ternational Nickel Co., Inc., 
43 Lee Drive, Lake Forest, 
Wilmington, North Carolina 

John H. Paylor, Jr., Vice- 
Chairman; Piedmont Natural 
Gas Co., 523 S. Tryon S&t., 
Charlotte 1, North Carolina. 

Harold M. Kandell, Secretary- 
Treasurer; Celanese Corp. of 
America, P. O. Box 1414, 
Charlotte, North Carolina 


@ East Tennessee Section 

James L. English, Chairman; 
223 Virginia Ave., Oak Ridge, 
Tennessee. 

Solon Walker, Vice-Chairman; 
East Tennessee Natural Gas 
Co., P. O. Box 831, Knox- 
ville, Tenn. 

Francois Kertesz, Secretary- 
Treasurer; Oak Ridge Na- 
tional Laboratury, P. O. Box 
P, Oak Ridge, Tennessee. 


@ Jacksonville (Fia.) 
Section 

T. W. Bostwick, Chairman; 
City of Jacksonville, Depart- 
ment of Electric & Water 
Utilities, Utilities Bldg., 34 
South Laura Street, Jack- 
sonville, Florida 


James W. Dalton, Vice-Chair- 
man; International Minerals 
& Chemical Co., P. O. Box 
867, Bartow, Florida 


Arthur B. Smith, Secretary- 
Treasurer; Amercoat Corpo- 
ration, P. O. Box 2977, Jack- 
sonville, Florida 


@ Miami Section 


H. L. Truchelut, Chairman; 
Southern Bell Telephone & 
Telegraph Co., 36 N. E. Sec- 
ond Street, Miami, Florida 

N. O. Boutzilo, Vice-Chair- 
man; Peoples Water & Gas 
Co., P. O. Box 1107, North 
Miami, Florida 

H. B. Sasman, Secretary- 
Treasurer; Sasman Engi- 
neering Co., P. O. Box 452, 
Miami, Florida 


@ Ohio Valley Section 


Thomas E. Brady, Chairman; 
2018 Sunset Drive, Owens- 
boro, Ky. 

Robert S. Dalrymple, Vice- 
Chairman; Reynolds Metals 
Company, P. O. Box 1800, 
Louisville, Ky. 

Harold J. Smith, Secretary- 
Treasurer; General Electric 
Company, Bldg. 5, Room 
249E, Appliance Park, Louis- 
ville, Ky. 


® Tidewater Section 


Ernest W. Seay, Jr., Chairman, 
The Chesapeake & Potomac 
Tel. Co., 120 W. Bute St., 
Norfolk, Va. 


George MR. Lufsey, Secretary- 
Treasurer; Virginia Electric 
& Power Co., Box 329, Nor- 
folk 1, Va. 


SOUTH CENTRAL REGION 


H. E. Waldrip, Director; Gulf 
Oil Corporation, 5311 Kirby 
Drive, Houston, Texas, 

John W. Nee, Chairman; 
Briner Paint Mfg. Co., 3713 
Agnes St., Corpus Christi, 
Texas 

Jack P. Barrett, Vice Chair- 
man; Stanolind Oil & Gas 
Co., Box 591, Tulsa, Okla- 
homa 


J. C. Spalding, Jr., Secretary- 
Treasurer; Sun Oil Co., Box 
2880, Dallas, Texas 


watt Caldwell, Ass’t Secre- 
tary-Treasurer; Humble Oil 
& Refining Co., Box 2180, 
Houston, Texas 


John Edward Loeffler, Trustee- 
at-Large; Thornhill Craver 
Company, P. O. Box 1184, 
Houston 1, Texas 


® Alamo Section 


Cc. M. Thorn, Chairman; South- 
western Bell Telephone Com- 
pany, P. O. Box 2540, San 
Antonio, Texas 


R. Goodrich. Vice-Chair- 
man; 127 W. Woodlawn Ave- 
nue, San Antonio, Texas 


W. W. Elley, Secretary-Treas- 
urer; Southwestern Bell 
Telephone Company, 302 
Dakota St., San Antonio, 
Texas 

Max F. Schlather, Trustee; 
United Gas Pipeline Com- 
pany, Box 421, San Antonio, 
Texas 


@ Central Oklahoma Section 


Loyd Goodson, Chairman; 
Oklahoma Natural Gas Com- 
pany, 213 North Broadway, 
Shawnee, Oklahoma 


E. G. Stevens, Vice-Chairman; 
Dowell, Inc., P. O. Box 209, 
Norman, Oklahoma 


R. V. James, Secretary-Treas- 
urer; University of Okla- 
homa, Norman, Oklahoma 


Dan H, Carpenter, Trustee; 
Aquaness Dept. Atlas 
Powder Company, P. O. Box 
8521, Oklahoma City 14, 
Oklahoma 


® Corpus Christi Section 


Paul H. Laudadio, Chairman; 
Briner Paint Manufacturing 
Company, 3713 Agnes Street, 
Corpus Christi, Texas, 


Kenneth R. Sims, Vice-Chair- 
man; Gas Division, Depart- 
ment of Public Utilities, 
Corpus Christi, Texas. 


Fred W. Hodson_ Trustee; 
Johns-Manville Sales Corp., 
401 N. Toucahua Street, Cor- 
pus Christi, Texas. 


® East Texas Section 


P. E. Happel, Chairman; gyn 
Oil Company, P. O. Box 472 
Kilgore, Texas . 


® Houston Section 


Charles L. Woody, Chairman: 
United Gas Corporation, Pp. 
O. Box 2628, Houston 2 
Texas ; 


J. T. Payton, Vice-Chairman: 
The Texas Company, P. 0, 
Box 2332, Houston, Texas 


W. A. Wood, Jr., Secretary- 
Treasurer; 8827 Chatsworth 
St., Houston 24, Texas 


Alvan E. Richey, Trustee; Ca- 
thodic Protection Service, P, 
O. Box 6387, Houston, Texas 


® New Orleans-Baton 
Rouge Section 


R. M. Robinson, Chairman; 
Continental Oil Co., 206 Mari- 
time Bldg., New Orleans 12, 
Louisiana. 


oO. L. Grosz, Vice-Chairman; 
The California Company, 
P. O. Box 128, Harvey, La 


W. J. Eads, Secretary-Treas- 
urer; Products Research 
Service, Inc., P. O. Box 6116, 
New Orleans 14, La. 


Lee N. Spinks, Trustee; Ca- 
thodic Protection Service, 
1634 Robert Street, New Or- 
leans 15, La. 


@ North Texas Section 


Edwin H. Muehlhause, Chair- 
man; Lone Star Gas Co.,, 301 
S. Harwood, Dallas, Texas 


Monte Kaplan, Vice-Chairman; 
Atlantic Refining Co., Box 
2819, Dallas, Texas 


Richard B. Bender, Secretary- 
Treasurer; Plastic Engr. & 
Sales Corp., Box 1037, Fort 
Worth, Texas 


J. Gordon Meek, Trustee; Metal 
Goods Corporation, Box 7086, 
Dallas 9, Texas 


® Permian Basin Section 


John V. Gannon, Chairman; 
The Texas Co., Box 127), 
Midland, Texas 


Harold S. Winston, First Vice- 
Chairman; Gulf Oil Corp. 
Box 362, Goldsmith, Texas 


H. W. (Jack) Gray, Second 
Vice-Chairman; Sivalls Tanks, 
Inc., Box 1152, Odessa, Texas 


Roscoe Jarmon, Secretary- 
Treasurer; Cardinal Chemi- 
cal Co., Box 2049, Odessa, 
Texas 


John C. Watts, Jr., Trustee; 
Internal Pipeline Mainte- 
nance Co., Box 186, Odessa, 
Texas 


®@ Rocky Mountain Section 


Henry K. Becker, ¢ ‘hairman; 
Wyco Pipe Line Company, 
Box 2388, Denver, Colorado. 


John R. Hopkins, Vice-Chair 
man; Protecto Wrap Com- 
pany, 2255 South Delaware 

Street, Denver, Colorado. 


Paul W. Lewis, Secretary: 
Treasurer; 1966 ox 
Newton St., Denver, Colorad® 


Karl S. Hagius, Trustee; Colo- 
rado Interstate Gas Com 
pany, P. O. Box sll 
Colorado Springs, Colora 0. 


(Continued on Page 8) 
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CORROSION PREVENTED 
with SOLVAY SODIUM NITRITE 


With a low and economical con- 
centration of Solvay® Sodium 
Nitrite you can prevent corrosion 
in circulating water systems, on 
metal parts in process and on raw 
sheets, tubes or bars in storage. 
The corrosive attack on the pipe 
at the left, above, is the result of 
plain water. The pipe on the right 
Was subjected to identical condi- 
tions except that the water con- 
tained 500 ppm of sodium nitrite. 


AMERICA'S FIRST 


Solvay Sodium Nitrite works to 
halt or prevent corrosion by form- 
ing an invisible oxide coating on 
metal surfaces. It is effective with 
iron and steel and has been re- 
ported to suppress the degrada- 
tion of aluminum, tin, monel, 
copper and brass. It is non-toxic 
in the concentrations normally 


PRODUCER 


used to prevent corrosion. 

Our booklet, “Sodium Nitrite 
for Rust and Corrosion Preven- 
tion,” gives details on how sodium 
nitrite, alone or in combination 
with other materials, prevents cor- 
rosion in a wide variety of applica- 
tions. Write for your free* copy 
today. 


*In western hemisphere countries only. 


SOLVAY PROCESS DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


61 Broadway, New York 6, N. Y. 


——— BRANCH SALES OFFICES: — — 
Detroit 
Pittsburgh 


OF ; 
ALKALIES Ute 
ett ce 


Boston «+ Charlotte 
Houston New Orleans 


« Chicago + Cincinnati + Cleveland 
New York Philadelphia 


St. Louis - Syracuse 


soa Ash * Snowflake® Crystals * Potassium Carbonate + Calcium Chloride +» Ammonium Bicarbonate + Sodium Bicarbonate + Cleaning Compounds 
austic Potash * Sodium Nitrite * Chlorine * Caustic Soda * Ammonium Chloride + Para-dichlorobenzene + Methyl Chloride +» Ortho-dichlorobenzene 
Monochlorobenzene * Carbon Tetrachloride * Chloroform + Methylene Chloride + Hydrogen Peroxide 
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Molded Hard Rubber 
proves best for.... 


ANOTHER CORROSION PROBLEM 
SOLVED BY LUZERNE 


Above is shown a portion of a typical cell 
in Western Electric Company’s Electroform- 
ing plant at their Point Breeze Works. This 
cell consists of a plastic lined metal shell with 
hard rubber weir plates fastened to each end. 
The feed weir shown is cored and connected 
to the electrolyte supply line by a flexible 


elbow. 


Western Electric reports that a number of 
materials were considered for fabrication of 
these weirs and flexible elbows and it was 
concluded that hard rubber and neoprene 
provided the best combination of temperature 
stability, corrosion resistance, mechanical 
strength, ease of fabrication, and moderate 


cost. 


Luz:rn2 fabr’cates thes> hard rubber parts 
for Western Electric:—Luzerne can solve your 
corrosion problem too. Write for information 
on Hard Rubber Molded Products, or send 
your problem for analysis by our engineer- 


ing department. 


300 Muirhead Avenue Trenton, N. J. 


Sales Representatives 
ALBERT J. COX CO. 
Chicago, Ill. 


R. C. FOLTZ CO, 
Houston, Tex. 


L. A. RUBBER & ASBESTOS WORKS 
Los Angeles, Calif. 
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Regional and Sectional Officers 


(Continued from Page 6) 


@ Sabine-Neches Section 


Baker, Chairman; 
Magnolia Petroleum Com- 
pany, P. O. Box 3311, Beau- 
mont, Texas 

A. V. Wafer, Vice-Chairman; 
Ohmstede Machine Works, 
P. O. Box 1288, Beaumont, 
Texas 


Jesse J. 


Paul McKim, Secretary-Treas- 
urer; Socony-Paint Products 
Company, P. O. Box 2848, 
Beaumont, Texas 

Charles E. Huddleston, Trus- 
tee; Socony Paint Products 
Company, Box 2848, Beau- 
mont, Texas 


@ Shreveport Section 


G. V. Jones, Chairman; Arkan- 
sas Louisiana Gas Co., P. O. 
Box 173 Shreveport 4, La. 

M. A. Luby, Vice-Chairman; 
Tretolite Co., P. O. Box 4094, 
Shreveport, La. 

Wm. M. Kyger, Secretary; 
Arkanas Fuel Oil Co., P. O. 
Box 1117, Shreveport, La. 

Ned C. Stearns, Treasurer; The 
D., E. Stearns Company, 
P. O. Box 1234, Shreveport, 
La. 

W. F. Levert, Trustee; United 
Gas Pipeline. P. O. Box 1407, 
Shreveport, La. 


®@® Teche Section 
W. As Jr., Chairman; 


The Company, Box 
457, Louisiana 


Grant, 
Texas 
New Iberia, 


Nathan James, Vice-Chairman; 
The Texas Company, 116 La- 
Salle Street, New Iberia, Lou- 
isiana 

Sellers, Secretary- 
United Gas Cor- 

New Iberia, Lou- 


Charles 
Treasurer; 
poration, 
isiana 

George M. Harper, Jr., Trus- 

tee; Union Oil Company of 

California, Box 421, Abbe- 

ville, Louisiana 


@ Tulsa Section 


James Cowles, Chairman; Con- 
sulting Engineer, 6517 East 
6th Street, Tulsa, Oklahoma 


F. A. Prange, Vice Chairman; 
Phillips Petroleum Company, 
Bartlesville, Oklahoma 


oO. W. Everett, Secretary; 
Oklahoma Natural Gas Com- 
pany, 624 South Boston, 
Tulsa, Oklahoma 


Richard A, Walton, Treasurer; 
Royston Laboratories, Inc., 
P. O. Box 1753, Tulsa Okla- 
homa 

T. D, Williamson, Jr., Trustee; 
T. D. Williamson, Inc., P. O. 
30x 4038, Tulsa, Oklahoma 


@ West Kansas Section 


Allan, Chairman; 
Refinery Ass’n., 
765, Great Bend, 


Thomas A, 
Cooperative 
Pr. O.. Box 
Kans. 


D. L. Peterson, 
Cities Service 
Pe ie, OE. “FHA, 
Kans, 


ee 
urer; 
Corp., 
Kans. 


Vice-Chairman; 
Oil Company, 
Great Bend, 


Berry, Secretary-Treas- 
National Aluminate 
30x 1202, Hutchinson, 


W. C. Koger, 
Service Oil 
Service Building, 
Oklahoma. 


Trustee; Cities 
Company, Cities 
Bartlesville, 


WESTERN REGION 


Robert H. Kerr, Director: 
Southern California Gas Com- 
pany, P. O. Box 3249 Ter- 
minal Annex, Los Angeles 
54, California, 

Preston W. Hill, Chairman; 

Signal Oil & Gas Company, 

2501 East Willow, Long 

Beach, California 


E. Magoffin, Vice-Chair- 
man; California Water & 
Tele. Company, 19 West 9th 
St., National City, California 


Fr. Bladholm, 
Treasurer; Southern 
fornia Edison Company, 
West Fifth Street, Los 
geles 17, California 


Secretary- 
Cali- 

601 
An- 


® Central Arizona Section 


David F. Moser, Chairman; El 
Paso Natural Gas Company, 
P. O. Box 1630, Phoenix, 
Arizona, 


Russell Jackson, Vice-Chair- 
man, Rust-Proofing, Inc., P. 
O. Box 1671, Phoenix, Ariz. 


Roy P. Osborn, Secretary- 
Treasurer: Mountain State 
Tel. & Tel. Company, Box 


2320, Phoenix, Arizona. 


© Los Angeles Section 


John R. Brown, Chairman; 
3525 West 74th Place, Ingle- 
wood, Cal 


Dave J. 
Chairman; 
Company, 
Avenue, 
Cal. 


Jr., Vice- 
The Duriron 

Inc., 6903 Rita 
Huntington Park, 


Colyer, 


Don Miller, 
urer; Southern 
Gas Company, 
Terminal Annex, 
geles, Cal. 


Secretary-Treas- 
California 
Box 3249, 

Los An- 


® Portland Section 


Norman H. Burnett, Chairman: 
230 South 198th St., Seattle 
88, Washington. 


S. Baynham, Vice-Chair. 
man; 10495 S.W. Tist Avenue, 
, 

Portland 19, Oregon, 


William R. Barber, Jr., Secre. 
tary-Treasurer; Electric Stee} 
Foundry, 2141 N.W. 25th 
Ave., Portland, Oregon, 


@ Salt Lake Section 


John T, Burton, Chairman; 
Utah Oil & Refining Oo, 
Box 898, Salt Lake City 19, 
Utah, 


3artel J. Disanto, Vice-Chair. 
man; American Smelting & 
Refining 514 Crandall 
Bldg., Salt Lake City, Utah, 


Co., 


John P. Reeves, 
Treasurer; 


Secretary. 

Reeves & Com- 
pany, 375 South West Temple 
Street, Salt Lake City 1, 
Utah. 


I. O. Waters, Chairman; San 
Diego City Water Dept. Diy. 
of Eng., Room 903, Civic 
Center Bldg., San Diego 1, 
Cal. 


Dan A. Nordstrom, Vice-Chair- 
man; Field Engineer, The 
Gates Rubber Company, 3616 
Arizona Street, San Diego 4, 
Cal. 


L. L. Flor, Secretary - Treas 
urer; 1036 Leslie Road, Hl 
Cajon, Cal. 


® San Francisco Bay Area 
Section 


G. J. Puckett, Chairman; Dow 
Chemical Co., P. O. Box 351, 
Pittsburg, Cal, 


James K. Ballou, Vice-Chair- 
man; Standard Oil Co. of 
Cal., 225 Bush St., San Fran- 
cisco, Cal. 


Henry R. Strickland, Secretary- 
Treasurer; Haynes Stellite 
Co., 22 Battery St, San 


Francisco, Cal. 


BACK ISSUES OF VOLUME 11 


Copies of back issues of Volume 11, January-December, 
1955 are available except July. Persons who customarily 
bind all or parts of Corrosion and who lack issues to 
make the volume complete may get back copies at the 
following prices per copy, postpaid, remittance in ad- 
vance: NACE members, 50 cents; Non-members, $1. An 
additional charge of 65 cents per package is made for 
mailings to addresses outside the United States, Canada 


and Mexico. 
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i: fae * Exterior White Enamel 460 
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The light and heat reflective properties of Humble’s 
retary: Exterior White Enamel 460 effectively reduce vapor losses from 
_Stellite ey such highly volatile products as LP Gas and gasoline 
or ‘ " by reducing interior temperatures in storage tanks. When it is 
‘ applied over a Rust-Ban priming system, you also get 

—— 2 superior protection against extreme weathering 

and corrosive fumes, plus good color and gloss retention. 

Humble produces a complete line of protective coatings— 

Rust-Bans, paints and enamels, each designed for a specific task. 
: - RUST-BAN For more information on Humble protective coatings, 
y see your nearest Humble wholesale plant in Texas and 
) New Mexico, or write or phone: 


soe RS pala Technical Service, 

F Sales Department, 

’ Humble Oil & Refining Company, 
P. 0. Box 2180, Houston 1, Texas. 


HUMBLE OIL & REFINING COMPANY 
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Polyken |p 
being used on new/\A 


THE MODERN PIPELINE 
PROTECTION MAKES NEWS: 











2" transmission |it 


(122-mile lateral from Defiance, Ohio, to Bridgman, | chi 


SIMPLE 3-STEP POLYKEN METHOD 





2: WRAP—no heating 
(Polyken cold-applied wrapping) 





1: CLEAN—no priming 
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1polyethylene tape 
v American-Louisiana 


18 
| line 10-mile test showed American-Louisiana and 
z Houston Contracting Co. these cost-cutting 
al, | hichigan ) advantages of Polyken tape coating: 


1. Half as many crewmen needed to do the job. 






No labor or equipment to No labor or equipment to No labor or equipment to 
: iy break drums, chop materi- handle priming operation rehandle pipe or skids after 
als, melt and transfer coat- —Polyken tape is cold-ap- coating or to repair skid 
ing—Polyken tapeisready plieddirectlytocleanpipe, marks—Polyken-coated 
to cold-apply right from with the adhesive acting pipe goes directly into the 
the roll. as its own primer. ditch. 



















ER—no setting 
{Immediate lowering-in) 







2. No drying or cooling time —pipe can be tape-wrapped right behind the 
cleaner and lowered right behind the wrapper; trench can be immediately 
backfilled. 







Vastly reduced warehousing, shipping and handling costs—coverage per 
pound is increased; far less material is handled per mile of pipe. 






No hot dope liabilities from drum cuts, spills, fumes and burns. No need 
for protective clothing or masks. Polyken taping is simple, clean, safe. 






Coating perfection—simple, 3-step application puts Polyken coating into 
ground in factory-uniform condition. 






These five big points in favor of _ the gas industry. Like to know more? 
Polyken taping, the modern pipeline To talk over your project —write, 
protection, convinced American-Lou- _ wire or phone Polyken Sales Division, 
isiana . . . and confirmed other re- Dept. C-J, 309 W. Jackson Blvd., 
sults already experienced by manyin Chicago 6, Illinois. WEbster 9-7100. 















Complete catalog, Sweet's Industrial Construction File, Sec. 6c 
Ke 


Poluken 


PROTECTIVE COATINGS 


The Kendall Company, Polyken Sales Division 
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“NO HOLIDAYS 
ALLOWED” 


MEANS 
BETTER PIPE 


When is a holiday not a vacation? When it’s an im- 

a {eke S ¢ ‘i i, re) a i perfection in the coating and wrapping. Such a weak- 

ness cannot possibly escape detection at Hill, Hubbell. 

For ina final step, all Hill, Hubbell processed pipe goes 

on inspection skids as shown above. Then each square inch is carefully examined by an electronic 

Holiday Detector before the pipe leaves the plant. One of many quality controls developed by Hill, 
Hubbell, the use of Electronic Holiday Detectors is simply— 


Another “first” pioneered by the first name in pipe protection 


o* 
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HILL-HUBBELL & COMPANY 


DIVISION OF GENERAL PAINT CORP. + 3091 MAYFIELD ROAD, CLEVELAND 18, OHIO 


Pipe is 6’8 
some cond 
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NOW: TITANIUM PIPING 


built to weather nitric acid vapors 


at 195° C and 450 pounds psi 


The 4’ pipe at the left is made of commercially pure titanium. 
Fabricated by The Youngstown Welding & Engineering Co., it 
is the first known application of titanium for piping. 

This 6’8” vapor lead-off assembly will be subjected to turbu- 
lent vapors of 60% nitric acid at elevated pressures and temper- 
atures. It has a test strength of 450 pounds psi although service 
pressures will be substantially lower. 


“TOP-HAT”’ PAVES THE WAY 


Success with another titanium application in a nitric acid con- 
denser—the “‘top-hat”’ insert—led to the realization of a need for 
titanium piping. The “‘top-hat” (shown below) is a titanium header 
with 3” protective sleeves that fit down into the tube bundle of 
the condenser in which it is used. When in place, it provides pro- 
tection to the inlet tubes at the point most vulnerable to acid 
attack. 

After 14 months’ exposure to 60% nitric acid vapors—8 of 
them 24-hour continuous duty—sheet, tubes and welds of the 
“‘top-hat” were essentially unchanged . . . the assembly showed 
signs of being able to serve indefinitely! 

There are many possible applications where titanium can save 
money by extending the service life of essential equipment or re- 
ducing maintenance. Titanium’s resistance to nitric acid, moist 

chlorine, solutions of chlorine, chlorinated organic 
compounds, and inorganic chloride solutions is 
uniquely superior. Salt water and marine atmos- 
pheres have no corrosive effect on titanium. 


Du Pont can help you start your evaluation tests now 


As a pioneer supplier of titanium sponge, Du Pont can offer you 
expert technical help—can put you in touch with manufacturers 
best equipped to work along with you. Considerable fabricating 


FIRST known application of tita- 4 ee “TOP- HAT,” here being enaegetieanapalire- «-apenatiaquns Hest esote i 


rium for piping. Fabricated by The placed into the condenser tube _ now available to help solve os — 
Youngstown Welding & Engineer- bundle. Tubes of the “top hat” ex- %!0M problems. For more detailed informa- 
"9 Co, Youngstown, Ohio, this 4” tend 3” into parent tubes protect- tion on titanium, check the coupon below. 
Pipe is 6’8” high, serves under the ing them at point most vulnerable (At present, this offer must be limited to 
same conditions as the... to acid attack. the United States and Canada.) 


E. I. du Pont de Nemours & Co. (Inc.) 
T Pigments Department C-10 
TANIUM SPONGE | {22028 
In Canada—Du Pont Company of Canada Limited, 


PIONEERED COMMERCIALLY BY DU PONT P. 0. Box 660, Montreal, Canada 


(_] Please send me more information on titanium. 
I am interested in using titanium for: 


RUG.U.5. PAT.OFF. Ce Oe ee 


BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 
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6 DRESSER PRODU 
THESE MAJOR CAU 


STRAY D.C. 
ELECTRIC 
CURRENTS 








SOIL STRESS 
FROM 
DRYING 





Gas Men Seek Improved Insulating Methods 
. «» Help Develop Dresser Insulating Products 


Whenever utility men get together, corrosion almost always heads the list for 
discussion—how to best protect their company’s huge investment in underground 
piping. Satisfied that insulated pipe effectively resists corrosion, they are natu- 
rally interested in talking over improved insulating methods, new insulating 
applications. 

Having pioneered the insulated pipe joint, over 50 years ago, Dresser can draw 
on a reservoir of experience in corrosion protection to better serve the industry: 
Working closely with gas engineers and superintendents, Dresser Corrosion Lab- 





oratories have, since that time, developed many effective methods of insulating 
against corrosion. These have resulted in today’s wide variety of Dresser Insulating 
Products— each designed to meet a specific need in protecting pipe and pipe joints. 


These 

For Complete Details on How You Can Get More Effective, Economical pling 
of se 

Corrosion Protection, Send for Dresser Corrosion Control Catalog mone 
nut a 

*INSULOK and DRESSERTAPE are trade-marks of Dresser Mfg. Div. the p 


DRESSER. coxror'rron: 
» CONTROL PRODUCTS 








Vol, 2 


CORROSION ENGINEERS 15 


OU FIGHT 
RROSION ! 


INSULATING COUPLINGS 
STYLE 39 
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Basically the same design as the > 
well-known Dresser Style 38 Cou- 
pling, the Style 39 has rubber insu- 
lating gaskets compounded to assure 
optimum insulation and long life. 
The tough, inert polyethylene skirt 
is immune to acids, alkalies, drip 





oils . . . will not swell. 
j 
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I 
INSULOK* ADAPTERS 
STYLE 90 
INSULATING -REDUCING 
COUPLINGS e STYLE 39-62 | This new insulating connector 
| is made to order for setting 
This combination insulating and reducing om meters and rogeietene---# 
coupling eliminates the danger of ‘cor- | wey semper. prent fitting 
rosion from joining dissimilar metals, The | which dasa: pull-out from the 
; insulating gasket is supplied as standard i ccna —_— often put on 
on the cast-iron pipe end. A polyethylene | service line piping. 
skirt separates and insulates the pipe ends. | 
| 
| 
) i 
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INSULATING SERVICE INSULATING JOINT DRESSERTAPE* 
LINE FITTINGS STYLE 90 HARNESSES 
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A high dielectric plastic pipe tape pro- 


ws 


These small diameter insulating cou- 
Plings and fittings provide fast joining 
of service piping up to 2”, plus per- 
manent corrosion protection. Both the 
hut and fitting body are insulated from 
the pipe. 


Used in conjunction with Dresser insu- 
lating Couplings, at bends and other 
points of stress, these harnesses restrict 
pipe movement at the joint, while pre- 
venting ‘‘by passing" current flow 
through the lugs and harness bolts. 


viding positive electrical insula- 
tion, while protecting underground pipe 
against salt water, soil chemicals, acids, 
alkalies and oil. Available in 10 and 20 


mil thicknesses, all standard widths. 


DRESSER MANUFACTURING DIVISION 


(One of the Dresser Industries) 


89 Fisher Ave., Bradford, Pa. Warehouses: 1121 Rothwell St., Houston; 101 S. Airport 
Bivd., S. San Francisco. Sales offices also in: New York, Philadelphia, Chicago, Toronto. 





™ TATIONAL ASSOCIATION OF 
CORROSION ENGINEERS 


is a non-profit, scientific and research association of individuals 
and companies concerned with corrosion or interested in it, whose 
objects are: 


(a) To promote the prevention of corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(b) To provide forums and media through which experiences with corrosion 
and its prevention may be reported, discussed and published for the 
common good. 


(c) To encourage special study and research to determine the fundamental 
causes of corrosion, and to develop new or improved techniques for its 
prevention, 


(d) To correlate study and research on corrosion problems among technical 
associations to reduce duplication and increase efficiency. 


(e) To promote standardization of terminology, techniques, equipment and 
design in corrosion control. 


(f£) To contribute to industrial and public safety by promoting the preven- 
tion of corrosion as a cause of accidents. 


(g) To foster cooperation between individual operators of metallic plant and 
structures in the joint solution of common corrosion problems. 


(h) To invite a wide diversity of memberships, thereby insuring reciprocal 
benefits between industries and governmental groups as well as between 
individuals and corporations. 


It is an incorporated association without capital stock, chartered under 
the laws of Texas. Its affairs are governed by a Board of Directors, elected 
by the general membership. Officers and elected directors are nominated by 
a nominating committee in accordance with the articles of organization. 
Election is by the membership, 

Inquiries regarding membership, and all general correspondence should 
be directed to the Executive Secretary at the administrative headquarters of 
the National Association of Corrosion Engineers at 1061 M & M Building, 
No. 1 Main Street, Houston 2, Texas, 


President W. F. Fair, Jr. 
IRD 8 6 ite ne Rae. nes eile W. H. Srewart 
Treasurer R. A. BRANNON 


Executive Secretary A. B. CAMPBELL 
1061 M & M Bldg., Houston 2, Texas 


Directors 


President 


W. F. FAIR, JR 1956.57 
Tar Products Div., Koppers Co., Inc., Pittsburgh, Pa 


Vice-President 


Treasurer 


| 1956.51 


Humble Pipe Line Company, Houston, Texas 


Past-President 


FRANK L. WHITNEY, JR 
Monsanto Chemical Co., St. Louis, Mo. 


Representing Active Membership 
HUGH L. HAMILTON 
The A. V. Smith Engineering Co., Narberth, Pa, 
A. L. STEGNER 1956-59 
Tennessee Gas Transmission Co., Houston, Texas 
A. D. SIMPSON, JR 1955-58 
United Gas Corporation, Houston, Texas 


THOMAS P. MAY 
The International Nickel Co., Inc., New York, N. Y. 


Representing Corporate Membership 

H. L. BILHARTZ 1956-59 
Production Profits, Inc., Dallas, Texas 

Cc. G. MUNGER 1955-58 
Amercoat Corp., South Gate, Cal. 

ROBERT R. PIERCE f 
Pennsylvania Salt Mfg. Co., Philadelphia, Pa. 

JACK W. HARRIS 1954-57 
Rockwell Manufacturing Co., Houston, Texas 


H. R. BROUGH 1954.57 
Mountain Fuel Supply Co., Salt Lake City, Utah 


Representing Regional Divisions 

H. F. HAASE (North Central) 1956-59 
Milwaukee, Wis. 

H. E. WALDRIP (South Central) 1956-59 
Gulf Oil Corporation, Houston, Texas 

A. R. MURDISON (Canadian) 1956-59 
Imperial Oil Company, Ltd., Toronto, Ont. 

ROBERT H. KERR (Western) 1955-58 
Southern California Gas Co., Los Angeles, Cal. 

E. P. TAIT (Southeast) 1954-57 
Alloy Steel Products Co., Inc., Atlanta, Ga. 

GEORGE E. BEST (Northeast) 195457 


Mutual Chemical Division, 
Allied Chemical & Dye Corp., Baltimore, Md. 


Directors Ex Officio 


H. C. VAN NOUHUYS, Chairman Regional 
Management Committee 
Southeastern Pipe Line Co., Atlanta, Ga. 
E. P. NOPPEL, Chairman Policy and Planning 
Committee 
Ebasco Services, Inc., New York, N. Y. 
THOMAS P. MAY, Chairman Publication Committee 
International Nickel Co., Inc., New York, N. 7 
C. P, LARRABEE, Chairman Technical Practices 
Committee 
U. S. Steel Corp., Monroeville, Pa. 
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When Other Types of Corrosion Are Present 


By W. G. RENSHAW* 


Introduction 


HE PHENOMENON of stress corrosion in the 

austenitic chromium-nickel stainless steels is 
generally characterized by cracks of a transgranular 
branching nature. It is not so commonly known, 
however, that certain other kinds of localized attack 
also may be associated with this phenomenon and 
possibly may influence susceptibility. 

General solubility or over-all attack usually pre- 
‘ludes stress corrosion. This may not be the case, 
however, when localized types of attack are present. 
for example, stress corrosion and intergranular cor- 
“sion occasionally occur simultaneously; this is of 
unusual interest because the two can be observed 
individually only a few grains apart. 

Figure 1 represents a cross section of a Type 316 
thermocouple well which had encountered a variety 
{ corrosive media including chlorides and sulfates. 
Precipitated carbides were present at the grain 
boundaries. It is of interest to observe the transition 
reas near the upper left and upper right corners of 
the photomicrograph, where cracking proceeds along 
grain boundaries and then suddenly changes direction 
across the grain. There are also transgranular cracks 
xtending from one gap where a grain had fallen out. 
this would indicate the probability of intergranular 
tack occurring prior to the formation of stress cor- 
sion cracks, It would indicate also that intergranu- 
‘ar cracks have tended to act as notches or starting 
pnts, However, the length of time samples were 
‘Xposed to various environments will have considera- 
Ne influence on which type of attack is more preva- 
ent. In this instance failure of the thermocouple well 


ame about as the result of disintegration from inter- 
stanular causes. 


i Transgranular Failure 

Figure 2, on the other hand, deals with a failure 
Mimarily transgranular in nature, This, however, 
‘Wwolved Type 317 material which had been exposed 


thins. 


* Pag 
aah Laboratory, Allegheny Ludlum Steel Corporation, Pitts- 
, Pa, 


to only one environment consisting of an organic 
acid and traces of HCl. Simultaneous intergranular 
and transgranular corrosion exist, although it can 
be readily observed that the former penetrates only 
a short distance inward, and then a mixture of both 
occurs. Failure in this instance was ultimately a 
transgranular, stress corrosion fracture. 

The interrelation of these types of attack is not 
fully understood. Obviously the path which is fol- 
lowed is the one of least resistance. Where precipi- 
tated carbides and stresses are both present, it ap- 
pears that exposure to the proper medium can cause 
both types of corrosion cracking at the same time. 
In general, however, intercrystalline corrosion seems 
to come first. The photographs show the distinguish- 
ing features of each, 

In carbide free material, another type of localized 
attack which occasionally is seen under stress con- 
ditions is pitting. When encountered, it is always 
present on the surface under tension. If stresses are 


Figure 1—Intergranular and stress corrosion cracking in Type 316 
thermocouple well, Three minute NaCN etch, 80X. 
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Figure 2—Stress corrosion failure in presence of precipitated carbides 
organic acid plus trace HCI. NaCN etch, 160X. 


very mild, then only pits may occur, but under more 
severe conditions, cracks may then proceed from the 
base of the pit as shown in Figure 3. Such pits may 
perform as stress raisers or notches to initiate cracks. 
There are many other cases of stress corrosion crack- 
ing where no pits are evident upon examination and 
where only fractures exist. This absence of observa- 
ble pitting usually is associated with stresses of a 
higher magnitude. It may be that submicroscopic 


ee ” 


Figure 3—Stress corrosion cracks at bottom of pit. NaCN etch, 160X. 


pits possibly form under higher stress but do not 
have an opportunity to develop farther because al- 
most instantaneous cracking follows. 

All three cases examined point to some factor of 
a localized nature which precedes actual transgranu- 
lar stress corrosion cracking, and probably acts to 
initiate it. Whether or not some kind of notch effect 
is necessary in all cases of stress corrosion is yet 
unknown. 
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NACE TECHNICAL COMMITTEE REPORTS 


Publication 56-15 


Statement on Minimum Requirements 
For Protection of Buried Pipe Lines 


Prepared by a Special Task Group of 


NACE Technical Group Committee T-2 on Pipe Line Corrosion* 


URING THE past several years there has 
been an increasing demand for an author- 
itative guide by which corrosion engineers could 
base determination of corrosion protection for 
underground plant. When the American Stand- 
ards Association began revising the ASA B-31.1 
Code for Pressure Piping, it was suggested the 
NACE prepare a “Minimum Requirements for 
Protection of Buried Pipe Lines” that could be 
used or referred to, in the ASA code. 
Recognizing the pressing need for such a 
guide, the NACE Board of Directors assigned 
the task to Technical Group Committee T-2 on 
Pipe Line Corrosion. Group Committee T-2 
took the assignment under consideration and 
soon found that although experienced pipe line 
corrosion engineers generally agreed on how to 
properly protect underground plant there was 
no complete agreement on how a “Minimum 
Requirements” should be stated. A special task 
group was appointed by the chairman of T-2 to 
consider and prepare the “Minimum Require- 
ments.” The task group recently agreed on a 
statement based on present engineering knowl- 
edge that will be used as the basis for the final 
“Minimum Requirements for Protection of 
Buried Pipe Lines.” The statement is as follows: 


at ° c . . . 
“Drafting of ‘Minimum Requirements 
jor the Protection of Buried Pipe Lines’, 


¥. H. Stewart, Sun Pipeline Company, Sun Oil Company, Beaumont, 
exas, chairman, 


(2) 


Abstract 


A statement on “Minimum Requirements for Protection 
of Buried Pipe Lines” was prepared by a special task 
group of NACE Technical Group Committee T-2 on 
Pipe Line Corrosion. The statement reads as follows: 
“(1) All underground steel piping should be coated 
with a protective material of permanent high electri- 
cal resistivity. Such coatings, if not so compounded 
as to resist soil stresses, shall be shielded in such 
manner as to receive negligible damage from such 
stresses. (2) The coated piping shall be further pro- 
tected from external corrosion by supplementing the 
protective coating mentioned in (1) with adequate 


cathodic protection.” 8.9.3 


with respect to pipe corrosion, has been as- 
signed to a task group of NACE Technical 
Group Committee T-2. Pending completion 
of this assignment, the task group, in view 
of present engineering knowledge, now rec- 
ommends that: 


(1) All underground steel piping should be 


coated with a protective material of per- 
manent high electrical resistivity. Such 
coatings, if not so compounded as to resist 
soil stresses, shall be shielded in such man- 
ner as to receive negligible damage from 
such stresses. 


The coated piping shall be further pro- 
tected from external corrosion by supple- 
menting the protective coating mentioned 
in (1) with adequate cathodic protection.” 


TECHNICAL PAPERS ON CORROSION WELCOMED 


Authors of technical papers on corrosion are invited to submit them for review without 
invitation to the Editor of Corrosion. Write for “Guide for the Preparation and Presenta- 
tion of Papers” sent free on request to prospective authors. 
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Figure 3—Surface of “normal” 1100 aluminum sample after 66 hours 
in distilled water at 300 C. 20X 


Part 2 of 2 Parts 





Figure 4—Surface of vacuum-cast 1100 aluminum after 132 hours in 


distilled water at 300 C. 20X 















Aqueous Corrosion of Aluminum 


Introduction 
Weicracniornpn sept pure 1100 (formerly 2S) alu- 


minum is the time-proved metal of choice for 
fuel element cladding in water-cooled nuclear reac- 
tors operated below 100 C. As the temperature is 
raised, aqueous corrosion rate determinations have 
shown it to be suitably corrosion resistant up to 
about 200 C.* Several other standard commercial 
alloys have shown essentially the same behavior.* 
Above this temperature, depending on the time in 
test, a transition in corrosion behavior takes place. 
The aluminum oxide monohydrate film formed is no 
longer smooth and uniform. The metal develops blis- 
ters of mixed oxide and metal at an accelerating rate, 
with penetration into the metal, and it is rapidly ren- 
dered useless. The time on test prior to the inception 
of this damaging attack has been shown to vary with 
temperature,’ with alloy composition? and with me- 
chanical and thermal conditions.** 


The worst possible aluminum alloy from this point 
of view is the high purity metal. It is most suscep- 
tible to the damaging attack at the lowest tempera- 
tures ;° it also is sensitive to mechanical condition.® 
Lack of reproducibility in the amount of corrosion 


% A paper presented at the Twelfth Annual Conference and Exhibi- 
tion, National Association of Corrosion Engineers, New York, N. Y., 
March 12-16, 1956. Paper originally was entitled ‘Corrosion Resist- 
ant Aluminum Alloys for Use in Water at Elevated Temperatures.” 


* Argonne National Laboratory, Lemont, IIl. 
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Part 2—Methods of Protection Above 200 C 


By J. E. DRALEY and W. E. RUTHER* 





Abstract 


At elevated temperatures most aluminum alloys in 
water suffer severe penetrating attack, resulting in 
their relatively rapid destruction. This penetrating 
attack is explained in terms of mechanical damage as 
a result of diffusion of corrosion-product hydrogen 
into the metal. : 

It is prevented by adding to the water cations 
which are reduced on the aluminum to form deposits 
of low hydrogen overvoltage metals. It is also pre- 
vented in untreated water by using aluminum alloyed 
with the same metals. Alloying metals observed to 
be beneficial are nickel, copper, cobalt, iron and 
platinum, with nickel probably the most effective. 

There has been developed an alloy, containing ap- 
proximately 1 percent nickel in 1100 aluminum, 
which appears to be completely safe against the pene- 
trating attack up to 350 C. It is easy to make and Is 
workable. It probably can be used, from a corrosion- 
resistant point of view, wherever its normal reaction 
rate with water or a solution is tolerable. Penetra- 
tion rates in static distilled water range from ap- 
proximately 0.5 mg/dm?-day at 150 C to 18 mdd at 
350 C (0.3 to 9 mils per year). They are higher 
where there is significant flow velocity of water past 
metal. 6.4.2 


observed in the longer tests run by Strom, Litz a’ 
Boyer’ is probably explainable in these terms. 

If aluminum is to compete with the more expe! 
sive materials of construction for use in water ¢ 
temperatures between 200 and 350 C, this catast” 
phic corrosion must be eliminated either by suitable 
inhibitors in the water or by alloying the alumimu™ 
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In this investigation both of these objectives have 
been achieve” 

Some of the results herein reported have been 
made availab| previously to a more limited audience 
at the International Conference on the Peaceful Uses 
of Atomic Energy in Geneva, Switzerland, August 
920, 1955 (Volume 9); also in Argonne National 
laboratory Keport ANL-5430, July 15, 1955. They 
ae being repeated here, amplified and with some 
more recent results, to make the information more 
generally available. 

It is of considerable interest that the principles de- 
veloped and some of the results of this investigation 
have been developed independently by Huddle and 
Wilkins‘ at almost the same time, These workers 
were just about ready to explain the phenomena and 
io produce alloys of the same type as those herein 
developed, when these results were made available. 
The agreement appears to be remarkably good. 


Experimental Procedures 

Sample size and shape varied with the material 
available, but in most cases the specimens were ap- 
proximately 34 inch by 3 inches by 3%» inch. A 39 
inch hole was drilled near one end. A fresh surface 
was prepared by wet grinding to 400 grit with Durite 
ibrasive paper on a metallographic polishing wheel. 
samples then were measured, degreased in freshly 
iistilled methyl alcohol and weighed on an analytical 
balance. 

Corrosion tests were performed in two kinds of 
pparatus. In the first, stainless steel autoclaves (175 
ml capacity) were filled approximately 7% full of the 
est solution. The solution was degassed by boiling 
inthe autoclave just before sealing. The test temper- 
ature was maintained by an electrically heated, forced 
draft oven. Each time the autoclaves were opened 
lor inspection the solution was changed. Samples 
Were suspended by an aluminum wire hook and in- 
sulated from the stainless steel by a mica washer in 
the gas phase, 

The other apparatus consisted of four high pres- 
sure pumps, heaters, autoclaves and pressure relief 
valves, arranged as shown in Figure 1. With this 
‘rangement it was possible to pump up to 30 
ul/minute of replenishing solution at the desired 
‘mperature through the high pressure autoclave 
thambers. The pumping rate usually was chosen to 
% sufficient to avoid significant change in solution 
‘omposition, the normal rate being 10 ml/minute. 
‘wo of the autoclaves held 470 ml; the other two 
‘eld 1340 ml, The samples were suspended on racks 
nade of synthetic sapphire rod to insulate the speci- 
nens electrically from the stainless steel autoclave. 

The solutions were made up using doubly distilled 
Vater and reagent grade chemicals where required. 
uality control tests of incoming and effluent solu- 
‘ons were made with a pH meter, resistivity bridge 
and where required, a spectrophotometer for color- 
metic analysis, Solutions were deaerated before use 
and stored in Pyrex carboys under a slight pressure 
‘tank oxygen or tank helium. 


After testing, samples were cleaned of corrosion 


AQUEOUS CORROSION OF ALUMINUM 


: ELECTRONIC 
(indaludald | TEMPERATURE 
CONTROLLER 
PRESSURE 


RELIEF 


AUTOCLAVE _ 


—> 
COOLER 


RUPTURE 
osc 


THERMO- 
COUPLE 


VARIAC 


TANK OF PRESSURIZED GAS 


SOLUTION 
RESERVOIR 


Figure 1—Schematic drawing of continuous replenishing system for 
corrosion testing at elevated temperatures. 
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Figure 2—Autoclave used for high temperature electrical measure- 
ments during corrosion. 


product by an electrical treatment. Twenty milli- 
amperes (AC) per cm? was passed between the sam- 
ple and a platinum electrode with a saturated solution 
of boric acid (specially purified) at room temperature 
as the electrolyte. After brushing to remove the loose 
oxide, the sample was cathodically treated for two 
hours in 4 w/o CrO; and 10 w/o H;PQO, solution at 
80 C. Clean sample runs indicated a loss of 0.06 
mg/cm? for the over-all process. 

In some cases, notably where blistering of the 
samples occurred, this stripping procedure did not 
quantitatively remove the corrosion product. Under 
these circumstances only a rate of weight gain and 
qualitative description of the samples were obtained. 

Aluminum alloys were made in several different 
ways. Vacuum melting and casting were performed 
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in a suitable furnace using magnesia, alumdum and 
pure graphite crucibles, Difficulties with ceramic 
crucible cracking ultimately resulted in the exclusive 
use of pure graphite crucibles. A minimum vacuum 
of 10°* mm of mercury was maintained, 

Air-cast alloys were made in a small resistance- 
heated furnace, using commercial plumbago and 
alundum crucibles. Subsequent chemical analyses of 
the melts indicated considerable silicon pickup from 
the plumbago, so its use was discontinued. 

An Ajax Electrothermic Induction furnace (6K W) 
was used exclusively after it became available, be- 
cause the inductive stirring action rapidly dissolved 
the alloying elements (air casting). 

Silicon was added as 12 percent master alloy. Iron 
was added as an 8.5 percent master alloy. Other ele- 
ments were added directly and stirred into the melt 
at temperatures up to 950 C. 

All alloys were cold-rolled to approximately '-inch 
thickness before testing, since it was observed that 
some as-cast 1100 aluminum appeared good without 
special alloying. Thickness before rolling was about 
0.5-inch, 


Results 


When 1100 aluminum corrodes in pure water at tem- 
peratures above about 200 C it first develops a smooth 
adherent coating of a— Al,O;*H.O (X-ray diffrac- 
tion). As the time or temperature of testing is in- 
creased, the surface of the oxide begins to roughen. 
Under the microscope the roughening is found to be 
due to numerous tiny protuberances growing out of 
the metal surface. On further testing, these protuber- 
into mounds that are clearly visible to 
the unaided eye. If the mounds are probed they are 
usually found to contain a mixture of oxide and 
metal. They form first and most profusely at imper- 
fections in the metal lattice, such as at grain bound- 
aries and stringers. The exposure required to cause 
them to become visible and their rate of growth are 
dependent on the metal surface condition. Fine- 
grained material and a less severely distorted struc- 
ture usually are most resistant to the attack, Rela- 
tively thin cold-rolled sheet is bad, although it can 
be made worse by a grain coarsening anneal, which 
is believed to result in grain boundary thickening. 


ances grow 


TABLE 1 


Effect of Some Solution Additives on 
the See Blister Corrosion of 1 Aluminem Sheet 


| Time when first 
| signs of surface 
Temperature, | | roughening noted, 
Cc |) Sa Solution days 
250 | O2 Distilled H2O 16-20 (5.5 mdd)* 
250 | Oz pH 3.5 (H2SO4) 16-19 (1.3 mdd) 
250 | Oz | pH 3.5 (H2SOs) and 11-17 (2 mdd) 
| 50 ppm KeCr2O7 | 
250 He | pH 3.5 (H2SO4) and 16-19 (4 mdd) 
| 20 ppm SiOz 
275 | O2 | Distilled H2O | (0-3 
He | (0-3 
275 | Oz pH 3.5 (H2SOs) 0-3 
275 | Oz | pH 3.5 (H2SO4) and 0-4 
| | 50 ppm KeCr2O07 
275 He | pH 3.5 (H2SOs) and 0-2 
20 ppm SiOz | 
' 














* Numbers in parenthesis indicate linear corrosion rates (which typically 
follow brief initial rapid reaction) before blistering was noted. After blisters 
started wide discrepancies were noted between individual samples. 

Units are mg/dm2/day. 
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Extruded bars generally are good. It is guessed that 
the improvement effected by Lavigne® by carefyl 
rolling was due to surface grain orientation and com. 
pacting. 

The time required for this type of attack to begin 

varies from a few weeks at 250 C to a few Sevens at 
315 C for annealed sheet stock.' 
(slope of the metal loss vs time curve) begins to rise 
rapidly at an accelerating rate as this “blister” type 
of attack commences. Correspondingly, penetration 
of the metal occurs at the most active locations, 

In the preliminary work’ it became obvious that 
until this transition in behavior could be eliminated. 
it was futile to attempt to measure meaningful cor. 
rosion rates. Accordingly the few pieces of informa. 
tion pertaining to this transition were examined 
carefully. 

It was found that electrically coupling 1100 aly. 
minum to stainless steel or zirconium would slow the 
onset of “blister” corrosion and greatly extend its 
lifetime in 315 C water. These other metals were 
shown by electrical measurements in a special aut; 
clave (Figure 2) to be cathodic (as expected) to the 
aluminum at 315 so that this is truly a case of 
“anodic protection.” It was first speculated that the 
anodic protection was due to a continuous repairing 
of the protective film on the aluminum or to lowered 
pH at the anodic areas, 

Efforts were made to supply an oxidizing agent at 
lowered pH in the solution to perform these fune- 
tions. The chemical chosen was potassium dichro- 
mate, a well known corrosion inhibitor at low ten- 
peratures, in pH 3.5 sulfuric acid. Another common 
low temperature inhibitor, soluble silica, was tried 
also (added as Na.SiO;). Initial tests in small auto- 
claves indicated that the autoclaves themselves 
caused rapid depletion of the inhibitors in the test 
solutions so the tests were run in the replenishing 


The corrosion rate 


systems. 

The results of these experiments are shown in 
Table 1. No suppression of blister attack was noted 
for any combination of pH and oxidizing agent. It 
will be noted however, that lowering the pH caused 
a reduction in the pre-blistering corrosion rate a 
250 C as compared with distilled water. Adding the 
oxidizing agent to the acid actually increased the 
pre-blistering rate. 

Originally it was planned to test other solutio 
additives, but another possible explanation of the 
improvement observed in coupling 1100 aluminum t 
stainless steel was formulated, It was now assumet 
that the important effect in anodic protection was 
move the cathodic corrosion reaction (liberation 0 
hydrogen) away from the aluminum. Because this 
slowed the blister attack greatly, the cathodic t 
action was considered responsible for the most dan: 
aging type of attack on aluminum. 

Elaboration of this basic idea with the aid of othe! 
clues and comparison of this attack with effects found 
for other metals, such as the embrittlement of ste! 
led to the following working hypothesis: Proto" 
from the solution diffuse through the aluminum oxi 
barrier layer and are reduced to atomic hydrogel 
the metal-oxide interface. The hydrogen atoms m™ 
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ed that 
carefyl | sombine to form molecules or diffuse into the metal. High purity aluminum (99.99+%) was also vac- 
dcom- J Apparently neither the atoms nor molecules can uum melted and cast. No significant improvement 


was noted because both the vacuum-cast material and 
the control were reduced to oxide in 24 hours at 


wadily diffuse back out through the oxide film. It is 







» begin 
ours at 
Mm rate 
to rise 
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tration 


sumed that at elevated temperatures a significant 
‘action diffuses into the metal and collects at rifts 
- cavities to form nondiffusing molecular hydrogen. 
Pressure builds up within these rifts, cracking or 
uiging the soft metal into blisters. When these blis- 
ters rupture, water is admitted to the fresh metal, 
soducing more hydrogen at a point considerably 





































290 C. Because high purity aluminum suffers much 
more rapid penetrating deterioration than alloy 1100, 
the prevention of blister type attack would be more 
difficult. It is impossible to estimate whether the re- 
sult indicates that the impurities in 1100 aluminum 
can provide a blocking action to the diffusion of 


Ss, ° TLL: 
1s that § below the normal metal surface. This process thus hydrogen. 
inated | may become self-accelerating as is noted experi- The lack of a practical method of retaining the “‘as- 
cor. & mentally. cast’ corrosion resistance while fabricating 1100 alu- 
ul cor nentall) g 
forma- Several methods of attack on the corrosion prob- minum diverted attention to the other suggested 
mined | lm were indicated by the working hypothesis: methods of blister control. 
0 alu- 1. Prepare aluminum without voids or dislocations Electrical Protection 
y alt and the atomic hydrogen will, first, have a low dif- 
ow the Lag os ee will not be able to accum- Two simple experiments were devised to investi- 
and | ilate and form blisters. asi : vi 
end its gate the possibilities of the second or “remote cath- 
S were 2.Provide cathodes, preferably of low hydrogen odes” method, In the first experiment an electric 
1 auto- over-voltage, for the corrosion reaction, liberating eacted (aise. ciate Taetiniaai arias le of allov 1100 
hydrogen in a condition (molecular) or at a point current was passed between a sample of alloy ’ 
to the where it is not possible for it to diffuse into the and a stainless steel electrode, using the autoclave of 
“ASE 0 aluminum metal. Figure 2. The experiment was repeated with reverse 
lat the z Supply an_ additive to — oe metal oe polarity and also with no current flow, The test was 
airing makes if impervious to the diffusion of atomic : ° fs — : 
pairing Srcons | conducted in distilled water at 325 C with a current 
wered : of 20 »a/cm? for four hours, The weight of aluminum 
Vacuum Casting corresponding to the electricity passed is a trivial 
sent at : 2 - part of the weight change. 
» fune- One method of securing metal with a minimum of ical — ' ' sal 
dichro- ids is by careful vacuum melting and casting. This sheaiunouksoutaasinbs. ani te oan paldeduindenidsacesachetir te 
v tem- @ ‘chnique was therefore tried with 1100 aluminum. — proposed ee = concen 
mmon @ samples of this material (which was melted and re- ; Re a ae new ae ee ee 
ae ; ; Bia ae a eas : cane 
s tried § lidified in an alundum crucible) proved to be resist- REESE ene) OB: TRG AMES SRI... keew Cone 
ws at to blister attack in water at 300 C for as long as the bulk of the cathodic reaction (hydrogen libera- 
aUuto- “4 . . ’ ‘ . é oe = ? 5 me nee > aka 77e 2 > ot} cae ata 
selves & tested (30 days). A comparison of the surface appear- oe re oe to take place at — ee steel 
he test @ ace of ordinary 1100 sheet and the vacuum-cast ‘¢c'rode. With the current reversed, several strings 
‘ishing | taterial after exposure is shown in Figures 3 and 4. of large protuberances, about 0.060-inch maximum 
man : : : height and isolated blisters of about the same dimen- 
Various methods of working and annealing the as- ae ate ie 1 The c aca t 
ea NAN iets sail humane GP tien -teeatl sions were tormed. e control (no current) sample 
wn | as < < SOG. i S < rT oO e PS S . . é ‘ 
ted h ‘1 Table 2 } ’ had five large blisters and thus was intermediate be- 
, noted § Show ¢ 2 ac ‘ase sa c 7 is 7 7 : 
wa wn in Table 2. In each case the resultant sam tween the anodic and cathodic specimens. On all sam- 
one ples corroded as fast or faster than the parent 1100 ples blistering occurred in the steam phase (where 
soins tock before vacuum casting. From these data it was no current was flowing) to approximately the same 
‘ate at - . : 
t concluded that the act of working as-cast metal pro- extent. 
ng tne Be P ‘ . oan e ° . 
ed the ‘ides rifts or dislocations which are not annealed out The same type of experiment was performed with 
‘ven after 414 hours at 550 C and that these rifts high purity aluminum at 250 C. Current was in- 
ution | !0Vide sites for hydrogen diffusion and blister for- creased to approximately 1.2 ma/cm*® (computed on 
of the jy "ation. ; the basis of submerged area) and the time decreased 
um to to two hours to compensate for the much greater cor- 
sumed TABLE 2 roding tendency of the high purity aluminum, Re- 
wast Effect of Working on the Corrosion Resistance* sults are pictured in Figure 6, The voluminous white 
a ae of Vacuum-Cast 1100 Aluminem coating on the upper part of both samples is the cor- 
ve this ee | ae ee sion formed in the steam phase i > test auto- 
e th | Vacuum Cast (As-Cast) | Good Smooth Film—No Blisters — Ke rmed it ‘ ‘ team pha e in the test a to 
fic te | clave. The anodic sample below the water line 
IC As-Cast and Annealed in | Good Smooth Film—No Blisters ‘ . 
= Air 1 Hr at 350 C showed some small blisters and otherwise was only 
t dat be ft Se es ee AL 2 ’ 5: ‘ 
As-Cast: Then Badly Blistered; Approximately slightly corroded, while the cathodic sample corroded 
xlxl cm Cube C esse’ 0% Metal Conv d Ixide : : : : 
+ other ee | ee ene ee slightly more rapidly in the water phase than in the 
yu “ es . . . 
foun Seine Treatment as 3: Pet ae ee Re steam phase (as determined qualitatively by cross 
steels aren Annealed in Air 1 Hr | Completely Converted to Oxide sectioning the sample and comparing the amount of 
rotons eee emt metal left.) Anodic protection was especially striking 
if Then Vacuum-Annealed Approximately 95% of Metal in this experiment 
1 OXIde 44 Hr at 550 C Converted to Oxide : 
gen At As-Cast; Then Compressed | Approximately 30% of Metal ‘ i > ; 
5 ma to 25 Tons at 350 C | Converted to Oxide Solution Protection 





Corrosion tested 69 hours at 300 C in distilled water. 


The second simple experiment to investigate the 
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anode control cathode 


Figure 5—Effect of electrical current on the “blister” corrosion of 
1100 aluminum (20 Ma/cm* for four hours at 325 C). 


possibilities of the “remote cathodes” method used 
reducible metal ions added to the test solution. Fifty 
parts per million solutions of several cations were 
adjusted to the same pH using sulfuric acid or potas- 
sium hydroxide. Freshly prepared samples of 1100 alu- 
minum sheet were corroded for 48 hours in the degassed 
solutions at 300 C. Results are shown in Table 3. 

Appearance of the samples correlated with the 
weight change data, Specimens with small weight 
changes had smooth, adherent films over most of the 
surface with isolated microscopic dendritic growths 
of a material which glistened in a metallic fashion 
under the microscope. Appearance of these growths 
formed in nickel sulfate solution is shown in Fig- 
ure 7. No blistering was evident on the samples in 
Co**, Cd** and Ni* solutions, This protection from 
blistering was not a short time effect. A sample was 
tested in 50 ppm Co** solution at pH 3.0 for 24 days 
at 300 C. At the end of the test period the only blis- 
tering in evidence was around a support hole, drilled 
after the sample had been annealed, The total weight 
gain for the period was 2.2 mg/cm? of which about 
half was acquired in the first four days. 

Because of possible use in nuclear reactors, testing 
was started using nickel salts rather than those of 
cobalt or cadmium. Samples of 1100 aluminum sheet 
were used and the temperature was held at 275 C. 
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cathode anode 

Figure 6—Anodic protection of high purity aluminum (Two hours at 

250 C; current density 1.2 ma/cm’). White material is voluminous 
coating of aluminum oxide. 


TABLE 3 


Effect of Reducible Cations on the Corrosion 
of 1100 Aluminum at 300 C 


Weight gain, mg/cm? | 


Solution in 48-hour test Comments 


Blue Film—No Blisters 


50 ppm Cott pH | 0.74 
pH 0.66 


50 ppm Cd** pH 0.60 
pH 0.78 


Lt. Blue—No Blisters 
50 ppm Ni** pH 0.76 
pH 0.93 


50 ppm Sn*+ pH 0.91 
pH No Test 


50 ppm Cu*+ pH | 0.95 
pH No Test 


50 ppm Pb** pH 4 2.68 
pH 7 1.12 


No Blisters; Lt. Grey 


Few Microscopic Blisters 
Ppt. formed 


Few Microscopic Blisters 
Ppt. formed 


Dark Grey; Few Blisters 


Control Spec. Both 


H 4 H2SO« 
badly blistered. 


3.1 
H3P04 4.3 








* Solutions were made up using the sulfate of the required cation except !0! 
Pb(NOs)2. 


The combination of samples and temperature Wé 
such that with distilled water blistering became 
noticeable in less than one week, Data are presented 
in Table 4. 

Results were poor with 1 and 5 ppm nickel (nickel 
sulfate) without pH control. Depletion of the te 
solution was very serious at the flow rate of It 
ml/min and blister corrosion was not much retarded 
As shown in Table 4, increasing the nickel concé? 
tration to 20 ppm greatly increased the resistant 
to blister attack. At the same time the depleti¢ 
problem was emphasized, The nickel lost from the 
test solution went into the formation of a slime whit! 
deposited on the samples and the autoclave walls 
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Figure 7—Dendritic nickel deposited on 1100 aluminum from NiSO, 
solution (50 ppm Ni**) 250X 


TABLE 4 


Effect of Nickel Sulfate Solution on 
the Aqeous Corrosion of 1100 Aluminum at 275 C 


Refreshing 
Solution Comments 


Blisters noted after 4-8 day period. Effluent 
solution contained 4% ppm Ni** at 10 cc/min. 


1 ppm Ni** 
Helium 


No 5 ppm Ni*t Blisters noted after 2-6 day period. Effluent 
pH Oxygen solution 2 ppm Ni at 10 cc/min. Deposition 
Control of slime noted. 
20 ppm Ni** Small blisters only at suspension hole. Test 
Helium run 120 days. Erratic weight gains and 
| losses after 20 days. Estimated corrosion 
rates between 12 and 22 mdd, depending on 
time in test. Deposition of slime very pro- 
nounced. Effluent ~ 13 ppm Ni** at 10 

ec/min. 


20 ppm Ni** 
pH 3.0 (H2SOs) 
Helium) 


No blisters noted. No change between in- 
fluent and effluent nickel concentration. No 
slime deposited. Test stopped after 16 days 
due to excessive autoclave corrosion. Corro- 
sion rate ~ 3 mdd. 


10 ppm Ni* Small blisters noted only at suspension holes 

pH 3.7 (H2SOs) on 2 long term samples. Effluent ~ 7 ppm 

(Helium Ni** at 10 cc/min. Some slime deposited. 
Rate ~ 3 mdd between 25 and 58 days. 





No blisters noted. No change between in- 
fluent and effluent nickel concentration. 
Samples excellent condition after 70 day test. 
No slime deposited. Corrosion rate 0.83 mdd. 


5 ppm Ni** 
pH 3.5 (H2SOs) 
Helium) 


The exact nature of the deposit was unknown. X-ray 
alysis gave inconclusive results because the clear 
it complex pattern did not correspond to known 
ickel compounds. Chemical analysis indicated a 
sic nickel sulfate with some aluminum. Unfortun- 
ely this deposit also formed in the small diameter 
preheater tube causing experimental shutdowns, 
Inan effort to reduce this precipitation other nickel 
“alts were tried. The nitrate and phosphate produced 
similar deposits and furthermore, the nitrate did not 
provide protection against blister attack. The greater 
xidizing power of the nitrate ion as compared with 
ie sulfate was assumed to be responsible for this 
itterence, because reduction of nickel ion apparently 
‘1 not occur in the former case, 

\nother approach to the deposition problem was 
“teduce the pH of the solution to a point where the 
lubility product of the basic salt was not exceeded. 
‘ter a few attempts a combination of five ppm Ni* 
is NiSO,) at a pH of 3.5 was chosen. As indicated 


i. T 


able 4, this solution was not depleted by its pas- 


@ O5%Ni 
~O 1.0% Ni 
A 1.5 %Ni 
A 2.0%Ni 


WEIGHT GAIN, mg/dm 2 





| 
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10 15 20 25 30 35 
DAYS-CORROSION TEST AT 315°C 


Figure 8—Effect of varying nickel content on the corrosion of 1100 
aluminum-nickel alloys, 


sage through the autoclave and no deposit resulted, 
while the amount of nickel proved adequate to pre- 
vent blistering in a 70-day corrosion test, The speci- 
mens were excellent in appearance, with the 400-grit 
grinding marks plainly visible through the thin oxide 
film on the surface. 

Several other tests in which nickel sulfate solution 
was pumped for a period each day followed by con- 
tinuous flow of distilled water were failures. In each 
case the blister attack was held off for a very short 
time only. 


Plating Protection 


Another method of protection depending on pro- 
viding “remote” corrosion cathodes was the plating 
of 1100 aluminum with films of nickel. The “Kani- 
gen” dip process was used. The original sample was 
a piece of plated 1100 tubing. It was deliberately bent 
to crack the nickel plate and ground free of the plat- 
ing on the 14-inch cross section to see if a complete 
or impervious plate was required? A 25-day corrosion 
test at 300 C produced no blisters in the exposed 1100 
aluminum and indicated that protection could be 
achieved without complete coverage. Further testing 
of plated (both Kanigen and electroplates) 1100 alu- 
minum was done in a high temperature dynamic loop 
by the Reactor Engineering Division, Such samples 
lasted several months in recirculating water at 315 C 
(water flow rate about 16 ft/sec). 


Alloys 


One of the most interesting phases of this program 
was the development of blister-resistant alloys of alu- 
minum for use at temperatures up to at least 350 C in 
distilled water. The same basic hydrogen penetration 
theory was used to select an alloying agent which 
would provide a second phase, of low hydrogen over- 
voltage, to act as local corrosion cathodes for the 
rest of the aluminum grain. Nickel was the obvious 
choice. 

In a preliminary experiment, specimens of 1100 
alloy containing 0.01, 0.1 and 0.3 w/o Ni were cast, 
cold worked and exposed to distilled water at 290 C. 
Even the 0.01 percent sample showed some improve- 
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Figure 9—Structure of 1100 aluminum — 0.3 percent Ni alloy. 100X. 


TABLE 5 
“Static’’ Corrosion Rates for Aluminum-Nickel Alloys 


| Corrosion Rate, 





Temperature,| After Initial 
ALLOY Degree C | pH Period, mdd 
1100 A1+0.9% Ni | 150 | 6.1 
2 200 5.9 
1100 Al+ 0.5% Ni | 250 5.8 
= 290 6.7 
re 4.6 (H2SO4) | 
cr } . |} 3.5 (HeSOa) | 
1100 Al + 0.5-2% Ni | 315 | 6.0—6.5 | 
1100 Al+ 1% Ni } 350 | 6.0—7.5 


ment over typical 1100 performance, The 0.3 percent 
Ni sample developed only two clusters of blisters at 
the corners after 17 days with the rest of the surface 
in good condition, Ordinary 1100 alloy would be con- 
verted largely to oxide by this exposure. 

Based on preliminary castings, numerous small 
melts were made at Argonne and experimental alloys 
were obtained from commercial sources such as 
Kaiser, Aluminum Company of America and the 
Sonken-Galamba Company. Data in Figure 8 show 
very little effect on corrosion rate was caused by 
varying the nickel content, while other variables were 
held as constant as possible, This particular series 
of alloys was prepared by the Kaiser Aluminum 
Company. The weight gain curves are not reliable 
measurements of the actual corrosion rate, due to 
uncertainties as to the composition of the oxide and the 
amount of oxide lost during the test, but they served 
for a preliminary estimate when coupled with the 
known metal loss (obtained by stripping) at the end 
of the exposure time. Estimated corrosion rates ob- 
tained by stripping samples of many castings after 
various exposure periods are 6 mdd (3 mils/yr) at 
315 C and 18 mdéd (9 mils/yr) at 350 C. 


More accurate corrosion rate determinations in the 
continuously refreshed autoclave systems have been 
completed for lower temperatures, Corrosion versus 
time curves were similar to those for 1100 aluminum 
below 200 C (initial rapid reaction, followed by a 
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slower constant rate), Results are presented in Table 
5. At the higher temperatures the rates are signifi- 
cantly below those estimated for 1100 aluminum py 
extrapolation of lower temperature data. In Refer. 
ence 1, for example, a short time rate of 24 mdd was 
obtained for 1100 aluminum in distilled water a 
aot. 

The beneficial effect of lower pH on the corrosion 
rate at 290 C was less than expected, by analogy with 
the behavior of 1100 aluminum at lower temperatures, 












In distilled water the effect of flow rate (of water 
past samples) is to increase the corrosion rate of the 
alloy. In tests performed by C, R. Breden in the Re. 
actor Engineering Division at 260 and 315 C, 16-2 
ft/sec flow rate, corrosion rates were slightly greater 
than twice static rates. In addition, erosive effects 
were noticed at places of maximum turbulence, At 
pH 5, maintained with H.SO,-regenerated cation 
resin, a similar increase in corrosion rate with flow 


























































was noted, However, in these tests no erosion was ; 
observed. An apparent sensitivity to dissolved hydro- 
gen in the water was observed for the corrosion rates 
at high flow rate. These studies are not complete, but J} figure 10- 
it seems clear that maintaining dissolved hydrogen 
considerably reduces sensitivity to high flow rate. It 
is possible (but not probable) that the role of the bifects 
hydrogen is merely to maintain quite low oxygen Aloy— 
concentration. roy 
In all corrosion tests, alloy samples were covered a : 
with a typical smooth, dark grey corrosion coating ‘tilled 
A network of darker lines was visible on the surface fibiin 
This same type of network was obtained by etching J; Sa 
the metal with sodium hydroxide solution, as shown fj. 4, 
in Figure 9, It was presumed that the dark lines were § og 
nickel-rich grain boundaries which acted as low re- Table 6 
sistance local corrosion cathodes. Pes 
Melting and Casting Techniques—During the course § was pre 
of the investigation a considerable number of alloy ible, It 
castings were prepared and corrosion tested, It was J alloy of 
noted frequently that samples which showed porosity fof a smé 
before testing developed “blisters” during the expo- A seri 
sure. Usually the blisters did not grow rapidly, but nym irc 
nevertheless some metal surface damage resulted BP oration 
Presumably most of this porosity was the result o! J shown ij 
entrapped hydrogen, Mixed 
Several experimental castings were made, nom Bea 1 
nally identical in composition, with 1 percent nickel thet 
added to 1100 aluminum. One was vacuum melte! Silicor 
and cast, three were air cast after sparging the me! lettin 
with dried chlorine, dried argon and air saturate’ 9 tional jp, 
with water vapor, respectively. Duplicate samples J) percent ] 
all four castings showed good corrosion resistance" J to 330 C 
a 6.3 day test in water at 350 C. All showed about th 
same total amount of corrosion (2.2-2.7 mg/cm’), é 
though appearances were not identical, Microscop! Efe 
blisters were noted in at least one sample of each 
the sparged castings; only the vacuum cast samp! a 
formed no blisters. Subsequently it was determime ze 
that making smaller castings of sparged melts = 
sulted in less porosity and usually no blisters in cor % 
roded samples, so that procedure was used for me 131 
subsequent experimental castings. 7. 
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AQUEOUS CORROSION OF ALUMINUM 


0.5% 


Silicon additions 


Master 
Alloy 


0.6% 


lron additions 


Figure 10—Effect of iron and silicon additions on the corrosion resistance of 0.66 percent Ni-Al alloy, Tested one day in 350 C distilled water. 


Effects of Iron and Silicon in Aluminum-Nickel 
Alloy—A series of alloys was made using a 0.66 per- 
ent nickel high purity aluminum master alloy to 
yhich various additions of iron and silicon were 
made, Results of one-day corrosion tests at 350 C in 
istiled water are shown in Figure 10, The added 
silicon was shown to be disastrous in the absence of 
iron. Samples that survived one day were replaced 
ior a total of 6.3 days at 350 C. Metal loss (deter- 
mined after corrosion product removal) is shown in 
lable 6. No deliberate addition of silicon was made 

the iron alloy samples, the small amount present 
yas presumed to have come from the ceramic cru- 
ible. It is clearly indicated that in order for a nickel 
lloy of this concentration to be “good,” the presence 
fasmall amount of iron is required. 

Aseries of alloys was made to determine the mini- 
mum iron content necessary to prevent the disinte- 
gration at 350 C of a % percent nickel alloy. As 
‘town in Table 7, 0.3 percent iron was required, 

Mixed iron and silicon additions were also made 

a percent nickel alloy. The results are given in 
the last two rows of Table 7. 
mixed additions appears to be 
etrimental, but it can be accommodated by addi- 
‘onal iron or nickel in the alloy, For example, a 4 
vercent Ni-1 percent Si alloy was corrosion resistant 
0 $30 C water when tested for one day. 


Silicon, even in 


TABLE 6 
Effect of Iron Additions on the Corrosion Resistance 
of 0.66% Nickel-Aluminum Alloy 
Corroded 6.3 days in distilled water at 350C 


Composition, Percent 
Meta! Corroded, 


\lloy No, mg/cm? 


Iron | Silicon 


0.02 | 0.05 
0.21 0.06 a 
0.58 0.06 3.1* 
0.95 0.07 2.2* 


Disintegrated 
at 


Cc ° 
Corrected for an 


estimated 0.2 mg/cm? of film remaining after stripping. 


An explanation for these effects is based on an 
hypothesis developed here. This assumes that hydro- 
gen penetration and subsequent blistering occur 
where the aluminum matrix phase becomes a corro- 
sion cathode. Nickel and iron both form compounds 
which are better cathodes than aluminum (see 
below), successfully competing for the corrosion ca- 
thodic reaction. The hydrogen produced on these 
compounds does not penetrate the aluminum metal 
but presumably is combined to form molecular hy- 
drogen, which diffuses or bubbles into the solution. 
However, if the dispersion of the second phase per- 
mits comparatively large areas of the matrix phase, 
the aluminum metal in the center of these areas may 
successfully compete in the cathodic corrosion re- 
action and be thereby damaged. Some compensation 
for this should be achievable by increasing the ca- 
thodic area and hence reducing its polarization, The 
situation should become more favorable as the matrix 
phase areas are made smaller and as the cathode 
areas become larger. 

Metallographic studies (see Figure 11) have shown 
that the nickel-rich phase observed in an alloy made 
by the addition of 0.5 percent Ni to high purity alu- 
minum appears to exist only at grain boundaries. The 
iron-rich phase in Hi Pure Al + 0.2 percent Fe preci- 


TABLE 7 


Effect of Iron and Silicon Additions on the Corrosion Resistance 
of a 0.5% Nickel-Aluminum Alloy in Water at 350 C 


Composition, Percent 


Alloy No. Iron Silicon Comments 


Disintegrated (1 day 

Disintegrated (1 day 

Areas of surface blistering (1 day) 

No blisters—good condition (1 
day) 


165 0 0.04 
164 0.10 0.01 
167 | 0.22 0.01 
168 0.31 0.02 


143 0.3* Some blistering after 6.3 days. 
Metal loss—5.1 mg/cm? 
Good condition after 7.7 days. 


Metal loss—2.9 mg/cm? 


150 1.11 


* Nominal—no analysis. 
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0.5% Ni in Al 


Modified Keller’s etch. 250X. 


TABLE 8 
Potential Measurements in 200 C Distille 


| | : 
Open Circuit | Potential Change at 
| 


Eutectic Composition Solution Potential* | 15 ya/cm?(Cathodic) 


Al—5.7% Ni | E=—0.44 volt E=—0.12 volt 
Al—33% Cu 0.62 0.21 
Al—1.7% Fe | 0.77 0.24 
Al—1% Co -0.66 0.26 
Al—11.7% Si 0.88 —0.34 
1100 Aluminum —0.60 1.2 


* Reference electrode—corroded stainless steel, Type 347. 
Using similar techniques, cathodic polarization curves were determined for 
some pure compounds of interest (FeAls, NiAls, FeNiAlo, CuAlz) in degassed 
distilled water at 290° C. The slopes of the four curves were approximately 
the same, ca. 2 mv per za/cm?. However, the open circuit potential was 
—0.08 volt for NiAls as compared to near 0.37 volt for the others. Among 
those tried, the nickel aluminum compound appears to be the most promising 
cathodic phase, by a considerable margin. 


pitates at random locations throughout the grains, as 
well as accumulating a little at grain boundaries. 
Thus, although the addition of nickel produces more 
effective cathode material (see below), its dispersion 
does not appear to be sufficient (at 0.5 or 1 percent) 
to protect all areas of the aluminum surface. Addition 
of iron supplements the nickel alloy by providing 
protection to exposed grain centers, 

Dispersion factors may be important in the role 
of silicon as an undesirable alloying element. Silicon 
goes into solid solution with the aluminum at low 
concentrations and may serve to make the aluminum 
grain potentially a better cathode, thus reducing the 
size of the grain areas which may be successfully 
protected by a given amount of nickel and iron com- 
pounds. In excess of the solid solubility, it may be 
expected that silicon would form a relatively poor 
cathodic second phase, or would reduce the amount 
of better second phase (such as one containing iron) 
by reacting with it. The latter reaction also might 
occur when the silicon is present at a lower concen- 
tration than its normal solubility. 

To aid in understanding the relative effectiveness 
of cathodic alloying additions, open circuit solution 
potentials and cathodic polarization curves were 
measured for the second phase present. Because the 
phase diagrams show eutectics for these systems in 
the high aluminum region, the second phase would 
normally have the eutectic compositions. All except 
the copper eutectic were rolled into Y%-inch thick 
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0.2% Fe in Al 


Figure 11—Distribution of second phase aluminum-iron and aluminum-nickel alloys as cast. 


sheet before testing. The copper 
alloy was too brittle to roll and 
was used in the as-cast condition 

As a first stage in the experi- 
ment, alloys were corrosion teste) 
for one week at 200 C in distilleg 
water. It was assumed that furthe; 
changes in the oxide film would be 
relatively slow. One alloy at a time 
was then suspended in the special 
autoclave (Figure 2) and the oper 
circuit solution potential recorded 
after a short time at temperature 
A cathodic polarization curve (f 
vs |) was then run, using an inter. 
rupter technique and a recording 
peak voltmeter developed by this 
group (to be published). The p 
larizing current was increased con 
tinuously at a constant rate. 

Table 8 is arranged in order of increasing poten 
tial change recorded at 15 «a/cm?® polarizing current 
Although the stainless steel reference electrode used 
has been observed to give steady potential, never- 
theless some question exists as to reproducibility 
from one run to the next. As a consequence compar 
son of the values for open circuit potential is per 
haps not as reliable as for the polarization values 
Roughly, however, only the nickel eutectic showel 
an open circuit potential more cathodic than 110i 
aluminum, and it also exhibited the lowest potentia 
change. At a reasonable corrosion potential, the 
nickel eutectic would be expected to pass consider- 
ably more cathodic current than any of the others 
tried, while that with silicon would pass the least 
These are directly in line with observed ability t 
protect against blister attack in water at elevated 
temperatures. 


Other Alloying Constituents—Alloys with nominal) 
2 percent of the alloying metal in high purity alu- 
minum were air cast, Metals used were lead, tin, bis 
muth, cadmium, cobalt, iron, copper and _ platinum 
Only the last four gave fair results on corrosion tes 
at 315 C. The rest disintegrated, Cobalt and copper 
alloys were superior to the platinum and iron alloys 
but all were inferior to a vacuum-cast 1 percent nickt! 
alloy. In view of the effect of small amounts of tro” 
on nickel-aluminum alloy corrosion, more work mus 
be done to determine the value of these elements * 
alloying constituents. 


Discussion 
Validity of the Hydrogen Penetration Theory 
The explanation of the damage to aluminum alloy 
which occurs as a result of exposure to water ate 
vated temperature is part of a general theory of th 
role of hydrogen in aqueous corrosion, It will be pt 
sented more completely in a future publication. Su! 


cient direct proof that hydrogen diffuses into alum" | 


num during such corrosion reactions is available 
Although determination of the hydrogen conten” 
corroded metal has been hampered by experiment 
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sficulties, at present it is possible to say that there addition of nickel and iron and that copper is not 


cop Ear i . ° : , . 

a, . definite increase in the amount of hydrogen in 1100 essential. 

a juminum samples as a result of corrosion in hot Another objective which might be considered is 
1t10n , 


water and, also that little or none gets into the good the matter of alloy strength at elevated temperature. 



















experi. sickel alloys during corrosion. Alloys of the type which have been discussed in this 
1, vested ‘One sample offers graphic demonstration that report do not possess significant improvement in this 
distilled severe disturbance of metal shape does occur from characteristic over commercially pure aluminum. 
Tarther auses other than the formation of solid corrosion Alloys considerably higher in copper or iron would 
_ be oroducts. In this case a relatively large void was appear to offer more promise in meeting this objec- 
ire ‘und in the interior of the sample, with resultant tive, with the hope that they might also prevent the 
oe bulging of the piece. Many samples showing finer _ rapid deterioration of the metal by corrosion. 
se blistering from corrosion have been examined. It has 
erature ye observed that most of the blisters have ee Applicability 
rve (E & tilled with a mixture of metal and oxide (corrosion Prior to the work herein reported it was clear that 
n inter. product). However, it has been possible usually to ajyminum alloys could not be used in water above 
cording 4 occasional hollow blisters and it is believed this the temperature at which the penetrating attack oc- 
by this s direct observation of the damage OFemEnE tS the curred, regardless of its corrosion rate before the 
The D netal before the attack has proceeded eo enough to inception of such attack, There is now an alloy avail- 
sed con produce corrosion product within the blister. i able which eliminates such damaging attack and 
The theory fits well with the observed effects of which is considered usable at whatever condition of 
r poter metal text u =< and distortion. Those things which temperature (below 350 C), pH and flow rate its cor- 
current pen parts of the structure to allow more rapid hy- rosion rate is tolerable, Alternatively, commercial 
de used irogen diffusion increase the rate of damaging attack. alloys of the 1100 type can be used in a solution 
_ never- Electrochemical measurements of cathodic eitec- which will prevent the penetrating attack. This lat- 
scibility tiveness in hot water correlate well with observed ter approach probably requires more compromise on 
ompari- g Prevention of blistering attack. ’ ; the part of the designer than does the use of special 
is per The best argument Tor the theory is that oe SAEIE- alloys. In particular, it is not practical to use stainless 
values lactorily explains many unusual corrosion phenom- steel in the acidified nickel sulfate solution which 
showe ena for aluminum and for some other metals. For makes 1100 aluminum safe, unless inhibition is feas- 
in 11) § ample, it is predicted that anodic protection can be ible. Increased corrosion and the appearance of cor- 
otential § *PPlied wherever the corrosion rate 1s influenced by rosion product in the solution is observed for stain- 
ial. th me @Y kind of damage occurring as a result of the pene- less steel in solutions of this type. 
nsider fg ‘ation of hydrogen beneath the oxide barrier film. It is to be noted that in most applications it is 
others ff Because this is in direct opposition to the simpler probably undesirable to use the alloys so far devel- 
e least, Version of the electrochemical corrosion mechanism, oped without anv pH control. As was pointed out in 
ility t the few cases in which it had been observed had been the preceding publication! there is a pH of minimum 
levated | considered anomalies. The clearness with which the corrosion rate for 1100 aluminum, on both sides of 
theory describes such effects 5 HEPTESS VE. It is im- which higher rates of attack are observed. At ele- 
minall ed also on — ~ sponrvsersoipe? it bean vated temperatures this optimum pH is considerably 
‘1 ie possible to predict successful methods of protection more acid than neutral, appearing to be of the order 
ia: Be oT te — iia reser which of 3 from 200 to 300 C. Consequently, the use of alu- 
mnt been normal tor most commercial alloys. minum in neutral water at elevated temperatures is 
ion tes’ Alloy ieenovition in the sense equivalent to the use of aluminum in 
copper : o = ; alkaline environments at ordinary temperatures, 
afters No chemical composition for a “best” alloy can be Under the latter conditions there is a definite effect 
t nickel @ SveD. It is readily and reproducibly possible to pre- of solution flow rate on the corrosion rate of the 
okie vent the accelerating blister attack of typical 1100 metal. The effect becomes greater as the pH is in- 
“ke ans iluminum by the addition of approximately ™% per- creased and as the temperature is increased. By anal- 
ents 25 . nickel or more. Such alloys appear also to be ogy with the corrosion behavior of alloys such as 
close to an optimum composition from the point of 1100, it is hence anticipated that smaller increases in 
view of maintaining minimum amounts of alloying alloy corrosion rate should be induced by solution 
constituents, This might be desirable for reactor use flow at lower pH, Data available show about the 
where minimum neutron absorption is desired, In same corrosion rate increase caused by flow rate at 
‘uch alloys it appears that the sum of iron and nickel pH 5, although the amount of initial corrosion is re- 
1 alloys should not be less than 0.8 percent, and that the duced; also some erosive effects noted in neutral 
at ele- nickel content should be more than 0.5 percent. If water do not appear at pH 5. No flow rate testing 
of th the silicon in the 1100 aluminum stock runs higher has been done in more acid environment. 
be pr than normal, it would perhaps be necessary to add It would be predicted similarly by analogy with 
Sul _ nickel to counteract its deleterious effect, It is nickel-free alloys that corrosion rates in static tests 
a sabe whether the copper present in normal would be lower in acid environment than in pure 
a ‘W aluminum has been of significant benefit in water, This appears to be true at 290 C, although the 
railabl illowing the production of satisfactory alloys. It has effect is somewhat less pronounced than was ex- 
itent ‘een demonstrated, however, that satisfactory alloys pected. 
iment’ % can be made from high purity aluminum with the A few tests were made to give an indication of 
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whether the alloy (made from 1100 aluminum by the 
addition of 1 percent nickel) is susceptible to loss of 


design using this material but with that provision j 
should perform satisfactorily. 


corrosion resistance as the result of factors which 
might be present in actual use. Various heat treat- 
ments and mechanical treatments were found to be 
without significant effect on corrosion behavior. 
Welds were made readily and were sound and 
showed no undue corrosion or weakening as a result 
of corrosion tests. Samples were made in which 
crevices were formed between adjacent pieces. When 
overhanging pieces were continuously subjected to 
stress, a few small pits formed at the point of maxi- 
mum metal yield (at the edge of the crevice) during 
a 5.7-day corrosion test in distilled water at 315 C. 
The pits did not grow in an additional 15 days ex- 
posure, In couples with 347 stainless steel very small 
amounts of local attack occurred immediately ad- 
jacent to the stainless steel during corrosion in water 
at 315 C. In the crevice formed in the couple, no un- 
usual attack was noted. 

It is concluded that some care is called for in any 


References 


.J. E. Draley and W. E. Ruther. ANL-5001. Aqueous Cor. 
rosion of 2S Aluminum at Elevated Temperatures, Febry. 
ary 1, 1953. i 
.P. O. Strom and M. H. Boyer. LRL-64. Static Corrosion 
of Aluminum Alloys at 350 F and 480 F in Distilled Water 
October, 1953. ; 
.M. J. Lavigne. Atomic Energy of Canada, Limited, Py. 
vate Communication. a 
.R. A. U. Huddle and N. J. M. Wilkins. Atomic Energy 
Research Establishment at Harwell (Great Britain), Re. 
port AERE M/R 1669. The Corrosion of Commercially 
Available “Pure” Aluminium in Demineralised Water Be. 
tween 125 and 300 C (1955). 


5.M. J. Lavigne, ES-11. (Atomic Energy of Canada 


Limited.) Intergranular Corrosion of High Purity Alumi- 
num in Distilled Water at 100 C and 150 C. July 8 1953, 
.M. J. Lavigne. MET. I.-3 (AECL). Effects of Cold Work. 
ing on the Corrosion of High Purity Aluminum in Water 
at High Temperature. November 4, 1954. 

.P. O. Strom, L. M. Litz and M. H. Boyer. LRL-112, Re. 
producibility of 480 F Static Aqueous Corrosion of Pure 
Aluminum. March, 1954. 


Any discussions of this article not published above 
will appear in the December, 1956 issue, 





OR 
Ro 
mined | 
The sp 
wer th 
months 
requires 
to som 
When ¢ 
of the » 
put to’ 
lem wa 
the ave 
facilitie 
was the 
causing 
It so 
would I 
long ex 
and it 1 
and tht 
the test 
value 1 
to obte 
where 
weighit 
amount 
ally us 
lifficul 
withou 
accurat 
coupon 
The 
prefera 
of corr 
nized, 
made | 
Anothe 
the us 
proble: 
the eff 
averag 
accom] 
search 
ods wi 
an ac 
corros 
The 
Dravn 
ists 0 






1s Cor- 


Febry- 


rrOsion 


Water, 
d, Pri. 


Energy 


'). Re- 


cially 


er Be- 


anada, 
A lumi- 


1953. 


Work- 
Water 








Introduction 





ORROSION RATES in Esso Standard’s Baton 
Rouge Refinery process streams were deter- 
mined by test spool data up until a year or so ago. 
The spools generally remained in the equipment 
wer the course of a process unit run, six to twelve 
months, or even longer. Where quicker results were 
required, retractable coupons were installed, subject 
to some limitations of pressure and temperature. 
When a corrosion problem was discovered with some 
{the naphtha handling facilities, test spools were 
put to work immediately. From the start, the prob- 
lem was recognized as a difficult one, inasmuch as 
the average corrosion rate for the overall naphtha 
facilities was very low. What had to be accomplished 
was the isolation of the particular stream or streams 
causing the trouble. 

It soon became apparent that test spool methods 
would not do a completely satisfactory job. Relatively 
ong exposure times are required with test coupons, 
and it was known that process operating conditions, 
and thus corrosion rates, could vary widely during 
the test period, Average corrosion rates were of little 
value in this study. Also, it was almost impossible 
to obtain precise measurements with test coupons 
where corrosion rates were low. Although precision 
weighing techniques may be applied, the small 
amount of metal loss from the large coupons gener- 
illy used may be incorrectly evaluated because of 
ficulties with removing the corrosion products 
without additional loss of metal. As a result, the 
iccuracy of the corrosion rates determined with test 
oupons is subject to question. 

The need for a rapid, sensitive testing method, 
preferably a laboratory test, to supplement the use 
of corrosion spools in the field had long been recog- 
ized. The nature of the naphtha corrosion problem 
made it imperative that such a test be developed. 
Another reason such a test was needed was because 
the use of corrosion inhibitors as a solution to the 
problem was being explored. Accurate evaluation of 
the effectiveness of inhibitors in streams having low 
average corrosion rates could not be satisfactorily 
accomplished with existing test spool methods. A 
search of the literature was made and two test meth- 
ods were found which appeared to be applicable to 
an accelerated laboratory test for measuring the 
corrosivity of oil refinery streams. 

The electrical resistance method described by 
Dravnieks and Cataldi! for me: isuring corrosion con- 
‘ists of measuring the potential drop across a speci- 
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Abstract 


An accelerated laboratory corrosion test designed to 
measure the relative corrosivity of naphtha streams 
was developed by combining and modifying two 
known methods of corrosion testing. The test was 
developed because of the need for a rapid, highly 
sensitive means of measuring some relatively low 
corrosion rates being experienced in certain naphtha 
handling facilities. Test spool methods had not 
proved completely satisfactory for the precise analysis 
required. 

The amount of corrosion was evaluated by meas- 
uring the change in electrical resistance of a carbon 
steel specimen (.001-inch shim stock) during exposure 
to the corrosive medium. Corrosion losses could be 
detected to a fraction of a microinch at any time 
during a test using the apparatus desc ribed without 
interrupting the test or using any special measuring 
devices or techniques. Measurable and reproducible 
corrosion losses were obtained in a test of six hours 
duration, 

It was found that there was good correlation be- 
tween results obtained with the resistivity test and 
with retractable coupons. Metal loss measurements 
made on retractable coupons showed catalytic naph- 
tha to be 60 percent as corrosive as virgin naphtha 
whereas the electrical resistance tests showed it to be 
58.2 percent as corrosive. A comparison of field and 
laboratory data on evaluation of an inhibitor gave 
comparable agreement. The electrical resistance tech- 
nique thus far has been applied only to naphtha and 
distillate drum water drawoff streams but its use has 
been investigated and appears promising for other 
refinery streams. Bae 
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Figure 2—Circuit for measuring corrosion rate by resistance measurement. 


Figure 1—Beaker and carbon steel strip used 
in laboratory electrical resistivity tests. 


men while passing a fixed current 
through the circuit. The potential 
measurement is made with a po- 
tentiometer which has a sensitivity 
of 0.01 millivolt, The specimen is 
placed in series with a reference 
resistor which is used to standardize the current be- 
fore measuring the potential drop across the specimen. 

The ASTM procedure D-665-46T is intended to 
indicate the ability of steam-turbine oils to aid in 
preventing the rusting of ferrous parts should water 
become mixed with the oil. The method involves 
stirring a mixture of 300 ml of the oil under test 
with 30 ml of distilled water at a temperature of 140 
F, A cylindrical steel specimen is immersed in the 
mixture and, after 48 hours, the specimen is examined 
visually to determine whether or not it has rusted. 

The technique described in this paper combines 
and modifies these two methods. A Kelvin Bridge 
was selected to provide a highly accurate means of 
measuring the electrical resistance change for each 
specimen, independent of any other specimen. The 
volume of fluid was increased to allow more total 
corrodent to be present in the hydrocarbon and water 
solution, This not only helped minimize errors in 
sampling technique, but also provided enough total 
corrodent to produce reasonable corrosion rates on 
the size specimen used. The specimen size chosen 
was based on practical limitations on the production 
of the specimens. The fluid testing temperature was 
lowered to coincide more closely with the conditions 


encountered in the field. 
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Figure 3—Electrical resistivity testing apparatus. Code to numbers is as follows: 1, Thermo- 
regulator; 2, Rack supporting strip heater, bath stirrer and agitator; 3, Stirrer motor and drive 
assembly; 4, Six-volt storage battery; 5, Kelvin Double Bridge; 6, Variable resistor and milliameter; 


7, Specimen holder; 8, Electronic controller. 


Equipment 


The equipment described below finally was selected 
for this type test after considerable experimentation. 


A. Specimen Preparation 

Steel shim stock, as received from a local supplier 
in rolls 6 inches wide and 100 inches long, was used 
to prepare the specimens. The shim stock was cut 
into 14-inch lengths, spot welded along one 6-inch 
end to a piece of 22 gauge sheet metal for backing, 
then cut along the 14-inch side into %-inch strips 
with an automatic shear. The finished specimen used 
in this test was 1% inch wide, .001 inch thick, and 12 
inches long. 

A pickling solution of 10 percent uninhibited sul- 
furic acid at 150 F was used to clean the surface 0 
the metal. A hot alkaline rinse composed of /% pet 
cent caustic soda and 34 percent trisodium phosphate 
was used to remove traces of acid. Finally, the strips 
were given a distilled water wash and dried with ® 
percent isopropyl alcohol and air before storing in4 
desiccator. 


B. Specimen Holder 


The specimen holder shown in Figure 1, with @ 
specimen in place, consists of a distillation bath Jat 

sine —— - y ° < 7 Q 
ASTM Type D-86, 4% inches in diametet and 
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shes high. his jar is fitted with a plastic cover, 


«uipped with electrical leads, a glass specimen posi- 
soner, and a slot to accommodate the agitator. 


Circuit for \/easuring Corrosion Rate by 
Resistance \/easurement 


\ schematic diagram of the circuit used to measure 


he electrical resistance of the corrosion specimen is 


down in Figure 2. The Kelvin Bridge‘ schematic 
gram is shown enclosed in broken lines, A six volt 
orage battery with a 0-100 ohm variable resistor 
sda 0-100 milliameter was used as a power supply 
or the Kelvin Bridge. The test strips are shown as 
esistors connected through lock type toggle switches 
the current and potential terminals of the bridge. 
The resistance of each strip was measured and re- 
rded directly from the bridge scale. 


). Constant Temperature Control 

Constant temperature control is essential if data 
re to be comparable. The electrical resistance of 
the specimen will change with a change in tempera- 
we, as will the rate of corrosion. The test jar was 
slaced in a water bath which was held at 100 F for 
the entire test period. The temperature was main- 
ined by a thermo-regulator which has a sensitivity 
(001 F. This regulator activates an electronic con- 
woller which operates an electrical immersion heater. 


E. Constant Agitation 


Constant, uniform agitation must be maintained 
ensure reproducibility of results. A synchronous 
tor with a single round belt was used to drive 
the stirrers, The stirrer was constructed entirely from 
WS Type 316 stainless steel in the form of an 
wverted “T.” A flat blade ™% 


2 inch by 2 inches was 
tached to a Y4-inch rod so that the blade was 
ymmetrical with the rod and had its flat surface in 


the vertical plane. 


Test Procedure 


The corrosion specimen was removed from the 
‘siccator and wiped with a rag saturated with 
tone. It was then soldered to the lead wires on 
“i specimen holder. The test solution was prepared 
y adding 170 ml of distilled water to 1700 ml of 
ehydrocarbon to be tested. If a corrosion inhibitor 
tre to be used, it would be added at this time. The 
‘ecimen holder was then placed in the water bath 
\the specimen connected into the measuring cir- 
|. The testing apparatus is shown, in Figure 3, 
th the specimen holders removed from the water 
th, Resistance measurements were taken one hour 
“er the test was started. The one hour initial period 
‘S arbitrarily chosen and was considered sufficient 
“ne for stabilization of temperature and initial re- 
‘ons. Data for each test were recorded at intervals 
ending on the corrosiveness of the solution, Read- 


“eds and Northup, No. 4285. 
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ings at intervals of one hour for a period of six hours 
generally were sufficient for hydrocarbon testing. 
Shorter periods would be necessary, however, if the 
corrosion were severe. 


Test Results 


The electrical resistance method is based on the 
fact that the electrical resistance of a metal specimen 
will vary inversely with its cross-sectional area. The 
percentage loss of cross-sectional area is measured 
quantitatively by comparing the electrical resistance 
of the specimen before and after corrosion. 

It is recognized that the corrosion products formed 
may affect the results. In most cases, the specific 
resistance of the corrosion products is so high that 
it can be disregarded. Under certain conditions, how- 
ever, highly conductive and adhering films have been 
observed which compensate partially for the decrease 
in metallic cross-section. In such cases, the amount 
of corrosion measured is lower than that actually 
experienced. The error can be determined by com- 
paring the resistance of the corroded strip before 
and after removal of the corrosion product by chemi- 
cal cleaning. To compensate for any metal loss dur- 
ing chemical cleaning, a control blank is identically 
cleaned, and the loss of metallic cross-section of the 
blank during the cleaning is determined, This loss 
is then subtracted from the loss of the corroded 
specimen during cleaning, and the remainder is added 
to the originally indicated loss of cross-section of the 
corroded specimen. 

The ratio of the cross-section of the corroded strip 
Ae where R, is the 
original resistance and R is the 


to the original cross-section is 


final resistance. 


TABLE 1——Laboratory Electrical Resistivity Test 


SPECIMEN RESISTANCE IN OHMS 


Sample 


Sample Sample Sample 
No. 1 No. 2 No. 3 No. 


.5080 

.5035 
5040 
.5040 
5045 


Percent Corrosion 


>»: 6-24-55: Time Started: 8:15 A.M.; Temperature: 100 F. 


TABLE 2—Relative Corrosivity of Two Naphtha Streams 


Retractable Coupon Electrical Resistance 
18 Days Exposure 6 Hours Exposure 


Fluid Corrosion Rate—IPY &% Corrosion 


Catalytic naphtha : 0015 5.16 
Virgin naphtha.. 2 .0025 8.86 


TABLE 3—Evaluation of Inhibitor 


Percent 
Corrosion 
Reduction 


Uninhibited Inhibited 


Retractable couponds—IPY.. .0013 
Electrical Resistance (Percent 
Corrosion ‘ were 4.06 | 48 


.00019 85.4 
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Corrosion loss relative to the original cross-section 
is expressed as follows: 


° 


% Corrosion = 100( 1—R- 


It will be noted that corrosion is expressed as a 
percentage, rather than in inches per year. This is 
an accelerated laboratory test and results are signifi- 
cant only when expressing the relative corrosivity 
of the fluid tested. The results do not express the 
average corrosion rates that would be expected in 
the field. To avoid a natural tendency to predict 
actual equipment life, percent corrosion was selected 
as the best way of expressing the test results rather 
than ipy. 

Typical data taken from a log sheet are shown in 
Table 1. Samples Nos. 1 and 2 are duplicate samples 
and Nos. 3 and 4 are the same naphtha with 10 ppm 
of an inhibitor added. 


Comparison Between Electrical Resistance and 
Retractable Coupon Results 

A typical comparison of the relative corrosivity of 
two naphtha streams, as measured by both the re- 
tractable coupon and electrical resistance techniques 
is shown in Table 2, 

The retractable coupon results indicate the catalytic 
naphtha to be 60 percent as corrosive as the virgin 
naphtha, while the electrical resistance results show 
it to be 58.2 percent as corrosive. A comparison of 
field and laboratory data on evaluation of an inhibitor 
gave comparable agreement (Table 3). 


Conclusion 

The electrical resistance technique described was 
developed as a result of a corrosion problem en- 
countered with certain naphtha handling facilities. 
It has proved a valuable tool in isolating the streams 
causing the corrosion and in evaluating corrosion 
inhibitors for these streams. Modification of the test 
procedure and equipment may be necessary for other 
problems. For example, the size of the specimen 
used in this series of tests is too thin for corrosion 
rates in excess of about 0.10 ipy. 

Broader application of the technique is envisioned 
in future corrosion investigations at the Baton Rouge 
Refinery, Its use in the field as well as the laboratory 
is being explored. 


Reference 


1. Andrew Dravnieks and Horace A. Cataldi. Corrosion, 10, 
No. 7, 224-230 (1954). Note: The equation on page 226 of 
this article should read as follows: 


Corre sion = 
(Initial Cond. — Final Cond.) oo Initial Thickness 


(Initial Cond.) eS 2 


DISCUSSION 


Question by R. W. Manuel, Socony Mobil Oil Com. 
pany, New York, New York: 


What was the nature of the function of corrosioy 
rate versus time for the type of corrosion measure; 
by the authors? In comparing 6 hour and 18 day 
results, it is obvious that something should be known 
about this relation. In many cases of corrosion, the 
rate initially may be very high or very low and ma 
change drastically with time. : 


Reply by W. L. Terrell: 


A linear function results when corrosion rate versys 
time is plotted from naphtha corrosion data obtained 
by the laboratory testing technique described in the 
paper. Initial resistance measurements are taken one 
hour after the test is started. For this specific prob- 
lem, this has been found to be sufficient time for 
stabilization of temperature and initial reactions, Be- 
cause of the variations in corrosion environment, n 
attempt is made to predict the nature of the plant 
corrosion rate curve from the laboratory test data 
What the test accomplishes is a determination of the 
relative corrosivity of various streams. Data presented 
under the heading “Comparison Between Electrical 
Resistance and Retractable Coupon Results” show 
how this can be done. 


Question by C. H. Samans, Standard Oil Company 
(Indiana), Whiting, Indiana: 


Do the authors feel that they can secure sufficient 
reproducibility of test results by using unannealed 
test specimens? Our results in the laboratory have 
indicated, in general, that a carefully controlled 
vacuum anneal is needed if suitable reproducibility 
is to be secured: 


Reply by W. L. Lewis: 


Several tests were conducted to determine the best 
nethod for preparing test specimens, including vac- 
uum annealing. The results of these tests indicated 
that the specimen treatment described in the paper 
was sufficient for the 100 F testing temperature. It 
has been found that for our specific problem, sampling 
technique is far more critical than specimen prepara 
tion in achieving good reproducibility. 


Miscellaneous Question: 


Does the liquid under test cover the junction be 
tween the specimen and the lead wires and, It 5 
what is galvanic effect? 


Reply by W. L. Lewis: 


The liquid covers the junction but there has beer 
no evidence of galvanic corrosion between the lea 
wires and the test strips. 


Any discussions of this article not published above 
will appear in the December, 1956 issue, 
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Application of the Statistical 


To the Analysis of Maximum 
By P. 


Introduction 


ishampered by the difficulty in choosing a suit- 
tle variable which can be measured quantitatively 
od treated mathematically. One of the most com- 
monly used measures is the maximum pit depth 
‘eveloped on replicate samples exposed to a corro- 
sve environment for a fixed time. Additional infor- 
gation can be obtained by carrying out such measure- 
sents over various time periods, The pitting rate 
uve derived from these latter measurements pro- 
vides, in principle, a satisfactory means of determin- 
sg the influence of changes in the environment and 
athe metal on pitting. Much useful information has 
en obtained with its use. The major drawback to 
his technique is the often excessive scatter of the 
ata, precluding any precise quantitative evaluation 
‘the results and permitting only qualitative com- 
irison. 


[ew STUDY of the pitting corrosion of metals 


There are two possible reasons for this lack of re- 
wroducibility of maximum pit depth data: either the 
ystem is out of control or there may be a large 
umber of minor variables which act in a random 
ushion and produce erratic but statistically pre- 
ctable results. Such minor variables may be sub- 
meroscopic faults in the metal (e.g., dislocations), 
eak spots in the oxide film, or convection and dif- 
‘wion in the solution. The influence of these un- 
itrolled variables will be random, leading to a 
robability behavior of pitting. Indeed, it has been 
served by Mears and Brown’ that the distribution 
'pits on a large number of similar aluminum sam- 
scan be approximately represented by a Poisson 
istribution. 

Inthe case of pitting rate measurements, variation 
ithe composition of the environment and in the 
mposition and condition of the metal will not ac- 
unt for all the variation observed. It becomes neces- 
“ity to look to a probability interpretation for an 
\planation of the lack of reproducibility. That the 
ability of the data can be explained on a prob- 
uility basis can be seen from the following line of 
reasoning : 

The procedure of permitting a sample or samples 
‘metal to pit under specified conditions can be con- 
‘dered as the drawing of a sample of pits from the 
itinite population of all the pits that could possibly 
"se. If the pit depths of the infinite population are 
“atistically distributed according to some frequency 
metion F(x), where x is the observed pit depth, 
‘any given pit depth will arise with a frequency 


*Submitted for publication February 16, 1956. A paper presented at 


Pe, Twelfth Annual Conference, National Association of Corrosion 
“tgineers, New York, N. ¥., March 12-16, 1956. 


Theory of Extreme Values 
Pit Depth Data for Aluminum” 


M. AZIZ 


P. M. AZIZ has been on the staff of Aluminium 
Laboratories Limited, Kingston, Ontario, since 
1949. During his stay there he has carried out 
basic research on the mechanism of corrosion 
of aluminum on which he has published six 
papers. He spent one year at the Institute for 
the Study of Metals at the University of Chicago 
where he developed a radioactive tracer tech- 
nique for identifying cathodic sites on the sur- 
face of aluminum. Dr. Aziz holds a BASc in 
chemical engineering and MA and PhD degrees 
in physical chemistry from the University of 
Toronto. He was the recipient of the 1953 NACE Junior Award for the 
best corrosion paper published in CORROSION by an author under 35 
years of age. 


< 


Abstract 


Pit depth distribution curves were constructed for 
2S aluminum immersed in tap water for time period 
of two weeks, one, two, four and six months, and 
one year, respectively. The distribution curves were 
found to consist of two superimposed curves. A “J” 
shaped curve resulted from pits which initiated and 
stifled within two weeks of immersion, whereas the 
other, a “bell” shaped curve, resulted from pits that 
initiated and continued to propagate. The “bell” 
shaped curve retained its shape and moved in the 
direction of increasing pit depth. After about two 
months the majority of these latter pits ceased prop- 
agating, the mode of the bell shaped curve became 
stationary, and only a small number of the deeper 
pits continued to propagate, the tail of the distribu- 
tion curve lengthening with time, 

The maximum pit depths obtained on each of 
replicate samples were analyzed by the statistical 
theory of extreme values using the appropriate proba- 
bility paper and were found to fit the extreme value 
distribution: 

only 
seat 
Py —@€ 
From this it was shown that the maximum pit depth 
is linear in the logarithm of the exposed area thus 
providing a rational method of extrapolating pitting 
data obtained in the laboratory on small samples to 
large scale field installations. This fit of maximum pit 
depth data to the extreme value distribution also 
makes possible the extraction of more information 
from a limited number of pit depths than has been 
possible heretofore, 2.1:3 


given by the corresponding population frequency, 
subject, of course, to the inevitable sampling errors 
which will diminish as the sample size is increased. 
If the population frequency for any given pit depth 
is low, it will be observed relatively infrequently. 
Thus if the frequency function has a long tail in the 
direction of increasing pit depth, any particular deep 
pit will arise infrequently or with low probability. 
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This is tantamount to saying that the scatter among 
the maximum pit depths observed on identical sam- 
ples will be large. This is, of course, what is found in 
practice, 

In addition to the foregoing considerations, is the 
fact that the process of measuring the maximum pit 
depth will generate a new distribution—that of the 
maximum pit depths, That this is so can be seen by 
examining the measuring process. A pitted coupon of 
metal represents a sample drawn from the population 
of all possible pits and the measurement of the maxi- 
mum pit depths on each of a fixed number of coupons 
is equivalent to drawing a sample from the popula- 
tion of all the possible maximum pit depths that 
would be observed on an unlimited series of coupons. 
The nature of this population of maximum pit depths 
can be inferred from the characteristics of the sample 
by the application of the statistical theory of extreme 
values, thus giving a deeper insight into the nature of 
the pitting process. 

This paper records the measurements of the time 
dependence of the distribution of pit depths observed 
on Alcan 2S aluminum alloy immersed in Kingston 
tap water. It applies the statistical theory of extreme 
values to the maximum pit depths obtained on repli- 
cate sets of samples of common Alcan alloys exposed 
to Kingston tap water for different time periods, and 
to a series of tests carried out to determine the influ- 
ence of seawater velocity on the corrosion of alu- 
minum piping. 


The Statistical Theory of Extreme Values 

This section is introduced to provide a background 
in the theory of extreme values sufficient for the 
purposes of this paper. A more complete treatment 
can be found in the original publication® from which 
the material presented herein is derived. The follow- 
ing quotation is taken from the work cited in Ref- 
erence 2: 

“Let F(x) be the probability that the value of the 
variate is less than or equal to a certain value x and 
let the derivative of F(x), F’(x)=f(x) be the density 
of probability, henceforth called the initial distribu- 
tion. The probability that n independent observations 
all fall short of x is F®(x). This is also the probability 
that x will be the largest amongst n observations. 
Thus, the probability ®, (x,) that the largest value 
falls short of or is equal to xy is 


*, (xa) = F" (Xn) (1) 
and the derivative 
5 (2,)' = at" (52) f (x,) (2) 


gives the distribution of the largest among n inde- 
pendent observations.” An analogous argument can 
be used to derive the distribution of the smallest 
among n independent observations, 

Knowing the initial distribution, Equations (1) 
and (2) could be used to derive the probability and 
distribution function of the extremes. However, di- 
rect calculation would lead to complex integrals that 
could be approximated only by laborious numerical 
methods. Recourse must be had therefore to the cal- 
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culation of asymptotic distributions valid for large 
values of n, the sample size, and applicable to whole 
classes of initial distributions. The distribution of pit 
depths is not known and although this paper records 
measurements from which such a distribution coulj 
be estimated this was not done because of the labo. 
rious calculations involved. Rather, the assumption 
was made that the initial distribution is of exponep- 
tial type and the extreme value theory of this dis. 
tribution was applied. The satisfactory representation 
of the data by the theory was considered sufficien: 
evidence for the correctness of the assumption, To 
the exponential type belong probability functions 
F(x) which converge toward unity with increasing y 
at least as fast as an exponential function. The proto- 
type is the exponential function itself while the 
normal, chi-square, logistic and log-normal functions 
are all members of the type. The calculation of the 
asymptotic distribution of the largest value for the 
exponential type has been presented by Gumbel and 
does not need to be reproduced here. He finds that: 


== 
—e 
Oi(x) =e (3) 


and $(x) (the asymptotic frequency distribution) is 
given by: 


—y 


—F —e _ 
¢ (x) = ae 
where: 


—~D<dc yc 
and: 


y=a(x—u). 


y is the so called “reduced variate” while u and a 
are the parameters of the distribution. The quantity 
u is the mode or highest point of the distribution 


‘ 4“: IGS, 
while @ is a scale parameter such that 1/a is——~ times 


the standard deviation of the extreme value frequency 
distribution, 

The expressions (3) and (4) have been numerically 
tabulated*® and their use has been greatly facilitated 
through the development of a special probability 
paper, an example of which is shown in Figure 1. 
The observed variate x is traced as abscissa; the 
reduced largest value y defined by (6) is traced as 
ordinate. Both values are traced on linear scales. The 
values of the probabilities ® (x) from Equation (3), 
corresponding to y, also are laid off on the ordinate 
but on a non-linear scale. The expression, 


(7) 


called the “return period,” is plotted parallel to and 
at the equivalent position of the scale of ® (x). It's 
the number of observations such that on the average 
there is one observation equalling or exceeding * 
For the exponential type of initial distribution the 


: Na- 
@ Provided through the courtesy of Dr. Julius Lieblein of The 


tional Bureau of Standards, Washington, D. C. 
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turn period T (x) will converge for large values of 
x toward : 
T (x) =e 
so that : 
y = InT (x) 
nd the largest values or functions of the return 
seriod converge toward: 
InT 
ea (10) 


x—U a 


in the study of pitting, the natural experimental unit 
sa coupon of fixed area which is exposed to the 
rrosive environment and from which the deepest 
{the many pits developed is recorded. Thus in this 
ase, the return period is the number of such coupons 
that must on the average be exposed in order to 
btain a pit depth greater than the observed pit 
epth. Since the coupons are of fixed area, the total 
area is proportional to the number of coupons, so 
that Equation (10) predicts a logarithmic dependence 
{the maximum pit depth on the area. This has been 
served experimentally by Logan* and provides 
evidence for the correctness of the assumption that 
the initial pit depth distribution is of exponential 
ype and that the statistical theory of extremes can 
jeapplied to maximum pit depth data. 

If the relation (3) applies to the data, then the n 
bserved extreme values Xm, (m=1,2----n) ordered 
1 increasing value and plotted on the special prob- 
ibility paper at their cumulative relative frequencies 
should be scattered about the straight line: 


1 
r=u+-_ Y. (11) 


which is merely another form of (6). The quantity 
used for the cumulative relative frequency of Xm: 


—_-—————— m 
& (Xn) m5 ay 


(12) 
is called the “plotting position” of xm. n + 1 is used 
in the denominator rather than n so that the nth 
‘xtreme can be plotted. The method of least squares 
an then be used for the estimate of the parameters 
wand x. Extrapolation of the fitted straight line per- 
mits the making of forecasts as to the probability of 
currence and return period of any given value of 
the variate. : 

As will be seen later the mathematical model elab- 
orated in this section does give an adequate rep- 
‘sentation of the experimental pit depth data. 
However, in the derivation of the extreme value 
istribution the assumption is made that the variate 
‘Sunlimited in the positive direction, although physi- 
al considerations would lead one to believe that the 
jit depth frequency function would close on the x 
‘Ils at some finite value x, of the variate so that 
ora pit depth x > x, the probability is zero. 

It is not possible to get out of this impasse by 
‘Ssuming the variate is unlimited but arises with a 
“0 probability for x > x. This would mean that 
the irequency distribution of the extremes also would 
se on the x axis at x=x, and would imply a form 
“‘iterent from that given by (4), which, as has been 


APPLICATION OF THE STATISTICAL THEORY OF EXTREME VALUES TO ALUMINUM PITTING 


























Figure 1—Extreme probability paper. 


stated, does give a very satisfactory representation 
of the facts at the author’s disposal. Thus, the theory 
sets no limit on the maximum pit depth encountered 
but it does assign a probability which diminishes 
with extreme rapidity as pits much in excess of those 
encountered in practice are considered. It seems best 
then, to assume the applicability of the extreme value 
theory with its implication that very deep pits can 
arise very occasionally with a probability which can 
be estimated by extrapolation of the straight line 
(11). 

This concept of an infinite range in the mathemati- 
cal model is implicit in almost all forms of statistical 


analysis and its use is justified by years of successful 


application.” 


Experimental 
(1) General 
The nature of pitting rate curves for aluminum in 


® The following quotation taken from a private communication (25 

April 1956) from Dr. J. Lieblein of the National Bureau of Stand- 
ards throws additional light on the question discussed in this and 
the preceding paragraph: 
“The key point is: Does the fact that the distribution of maximum 
values (deepest pits) is unlimited require that the distribution of 
the initial variate (all pits) be also unlimited? The answer is no, 
surprising as it may seem; the extreme value distribution may be 
derived on the assumption that the variate is limited or unlimited 
in the positive direction. A proof of this is not given in the standard 
sources, but will be found in a fundamental theoretical paper by 
Gnedenko in Annals of Mathematics, Volume 44, for July, 1943, pub- 
lished by Princeton University Press, on page 445, where an example 
also is given. This apparent paradox arises from the fact that 
deriving the extreme value distribution involves scaling the maxi- 
mum values by a factor that varies with the sample size (number 
of coupons) in such a way that under some conditions it may con- 
vert a finite limit on the original variable into an infinite range for 
the extreme value distribution. Thus the infinite range in the mathe- 
matical model is not only justified by years of successful applica- 
tion but also has fundamental theoretical basis.” 
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Figure 2—Pit depth distribution curves for Alcan 2S-O immersed in 
Kingston tap water for two weeks and one month. 
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Figure 3—Pit depth distribution curves for Alcan 2S-O immersed in 
Kingston tap water for two months and four months. 


tap water has been under investigation in this lab- 
oratory for a number of years, In general the results 
were plotted in the form of maximum pit depth 
versus time curves and several have been published.*'® 
Individual points showed some scatter and, as might 
be expected, smoother curves were obtained when the 
average of the deepest pits on ten identical panels 
was plotted. However, these “average maximum” pit 
depth rate curves were of less practical interest and 
a better means of treating maximum pit depth data 
was sought. It was first considered necessary to 
establish the form of the pit depth distribution curves 
since as has been stated in the introduction the varia- 
tion in the maximum pit depth may be due to the 
form of this curve, For this purpose a large number 
of Alcan 2S alloy sheet coupons were exposed for 
varying periods of up to one year and the depths of 
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Figure 4—Pit depth distribution curves for Alcan 2S-O immersed in 
Kingston tap water for six months and one year. 
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all pits determined. From these a pit depth distribu- 
tion curve for each time period was obtained. The 
form of these curves indicated that the scatter of the 
maximum pit depth data was inherent and suggested 
that they could be treated by the theory of extreme 
values. 

Data were selected from previous pitting rate ex- 
periments and analyzed by the theory and its appli 
cability to pit depth data confirmed. 

The statistical treatment was then applied to a field 
experiment with sea water flowing at different veloc- 
ities in a series of pipes and found to extract con- 
siderably more information from a small number 0! 
data than was previously possible. 


(2) Description of Alloys Tested 

The composition of the alloys tested is presented 
in Table 1. The 2S and 3S alloys were in the full 
annealed condition whereas the 55S and 65S alloys 
were solution heat treated and precipitation hardened 


(3) Pit Depth Distribution Versus Time 

“Strings” of 2S-O alloy sheet, ten panels to @ 
string, were prepared by threading 5-inch x 2-inch 
coupons on glass hangers through 3¢-inch holes cet 
tered 34-inch from the top of the panels. These wert 
vapor degreased using trichlor-ethylene, etched tor 
two minutes in 85 percent phosphoric acid at 70 ( 
and washed for half an hour in cold running wate! 
they were then immersed in a 300 gallon tank ol 
Kingston tap water, held at 25 C, The water flowec 
continuously and slowly and changed every 24 hours 

The immersion periods ranged from one week ti 
one year. 

At the end of each time period a string was ther 
removed from the tank, cleaned of corrosion products 
and the depth of all pits on both sides of each ot the 
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measured by the calibrated microscope 
‘hese data were grouped over the pit 
lepth ranges 0-99z, 100-199 etc., and frequency 
rves were constructed for the various time periods. 
The grouped data are presented in Table 2 and the 
frequency curves in Figures 2-4. 

The increase with time of the modal value for the 


ell-shaped curves is: 


Time Modal value () 
2 weeks 200 
1 month 375 
2 months 500 
4 months 500 
6 months 500 
l year 500 


From this it is apparent that by the end of two 
months the bulk of the pits represented by the bell- 
shaped curve have ceased to grow and only the 
leeper pits continue. 


4) Pitting Rate Curves and Extreme Value Analysis 


The same experimental technique was then applied 
to four other alloys except that in this case, and for 
each time period, only the deepest pit was determined 
neach of the ten coupons in a “string.” 

The ordered maximum pit depth data together 
with their respective plotting positions for the pitting 
rate tests are presented in Tables 3 to 7 inclusive. 
The computational techniques employed in setting 
up and plotting the data are as follows: 

The set of maximum pit depth readings obtained 
irom the corrosion specimens under study were tabu- 
ated in order of increasing magnitude and numbered 
irom 1 to n. The so-called “plotting position” for 
each reading was then computed by dividing the 
number of that reading by n + 1. The plotting posi- 
tions were then plotted (along the frequency axis of 
the extreme value paper) against the observed maxi- 
mum pit depths (plotted along the variate axis). The 
dest straight line that could be fitted to the points 
was drawn through them and extrapolated. For any 
given pit depth the probability with which it could 
arise and its return period could then be read directly 
from the graph. 

The results are presented graphically in Figures 
/-I4 inclusive, For each “run” an extreme value curve 
is plotted, followed by a conventional maximum pit 
lepth-time curve, In addition to the experimentally 
measured rate curve a corrected curve is given. The 


TABLE 2—The Number of Pits, Falling Within the Pit Depth Ranges 
Shown, That Developed on Alcan 2S-O After Immerision in 
Kingston Tap Water for the Time Periods Given 


= Depth! Two One Two Four Six One 
angeinu Weeks | Month Months | Months | Months Year 
siden, 


21 98 48 37 41 18 
14 71 56 65 52 47 
| 68 51 60 50 48 
0 30 38 33 37 36 
1 16 32 43 43 22 
4 4 15 9 7 
| ce 3 3 1 
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corrections were made on the assumption that when 
a point deviated from the linear extreme value plot 
this deviation was due to the occurrence of non- 
uniform fluctuations in the system and that the pit 
depth that would be obtained in the absence of these 
fluctuations was given by the corresponding point 
on the linear plot. 

Although ten panels were exposed for each time 
period it will be noted that not all curves are based 
on ten maximum pit depth readings. This results 
from the fact that some of the panels were lost dur- 
ing the course of the experiment through breakage 
of the glass hanger rods. 


( 5) Influence of Sea Water Velocity on the 
Depth of Pitting in Pipes 


In this experiment, which was run for another pur- 
pose, ten-foot lengths of varying diameter Alcan 1S 
aluminum alloy pipe were joined together in series 
and sea water pumped through the line to waste for 
a period of three years. The linear velocity of the 
water through the pipe was inversely proportional to 
the pipe diameter. Unfortunately, because of other 
demands on the pump, the rate of water flow varied 
from 9 to 36 gallons per minute over the three-year 
period of the test, so that the velocity of flow through 
the pipes also varied. However, for the purpose of 
demonstrating the utility of the extreme value analy- 
sis this is not a serious restriction on the data since 
the relative velocities will remain constant and for 
the purpose of this work all velocities have been ex- 
pressed relative to a velocity of one foot per second 
in the three-inch pipe. 


@ These tests were carried out at Harbor Island, North Carolina, by 
courtesy of The International Nickel Company. 


TABLE 3—Ordered Maximum Pit Depths Developed on Alcan 
2S-O Coupons Immersed in Kingston Tap Water for the Time 
Periods Shown Together With Their Ranks and Plotting Positions 


PERIOD OF IMMERSION 


Plotting One One | Three Six | One 








RANK Position | Week | Month | Months Months) Year 
1 180 460 480 620 | 640 
2 266 500 578 620 680 
3 290 510 610 620 700 
4 306 580 610 680 760 
5 334 580 610 680 800 
6 ; 0.5454 340 640 660 720 810 
3 0.6363 340 654 690 740 820 
re 0.7272 410 680 718 740 840 
oe ; 0.8181 410 692 760 760 | 840 
1: . 0.9090 545 692 798 760 | 900 


TABLE 4—Ordered Maximum Pit Depths Developed on Alcan 
2S-O -|+ Cu Coupons Immersed in Kingston Tap Water for the 
Time Periods Shown Together With Their Ranks and Plotting 
Positions 


PERIOD OF IMMERSION 
Plotting One One Three Six | One 
Position Week | Month | Months! Months; Year 


0.0909 





g 0.1818 230 315 354 420 510 
Me's 0.2727 240 330 390 460 510 
as 0.3636 260 346 390 480 520 
5 0.4545 266 346 400 480 540 
m3 0.5454 280 346 410 490 550 
ro 0.6363 280 354 426 490 550 
ae 0.7272 284 380 442 490 560 
ae 0.8181 289 410 459 500 580 


0.9090 
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Figure 5—Maximum pit depth data for Alcan 2S-O immersed in 
Kingston tap water for the time periods shown plotted against their 
cumulative relative frequencies. 
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Figure 6—Pitting rate curve for Alcan 2S-O in Kingston tap water. 

The solid circles and line are the observed maximum pit depths and 

pitting rate curve, The squares and dashed curves are the smoothed 
data taken from the extreme value probability plot of Figure 5. 


\t completion of the test a 50-inch length was cut 
from each piece of pipe and this was sectioned into 
10 five-inch lengths. The maximum pit depth on each 
five-inch length was determined and the maximum 
pit depths ordered and plotted on the extreme value 
probability paper. 

All piping tested was Alcan 1S-H aluminum alloy 
of Vickers hardness 44.3, drawn from metal of the 
same melt. The analysis of this metal is given in 
Table &. 

Seven 10-foot lengths of the tubing, ranging from 
three to one-half inches in nominal diameter were 
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Figure 7—Maximum pit depth data for Alcan 2S-O plus Cu immersed 
in Kingston tap water for the time periods shown plotted against their 
cumulative relative frequencies. 
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Figure 8—Pitting rate curve for Alcan 2S-O plus Cu in Kingston tap 

water. The adjustment of the observed pitting rate data (solid dots 

and curve) from the extreme value probability data of Figure 7 produces 
the smoothed pitting rate curve (squares and dashed line). 


employed. Actual internal dimensions are shown in 
Table 9. 

The ordered maximum pit depths for each pipe 
diameter together with their ranks and plotting post 
tions are presented in Table 10. In addition the water 
velocity relative to that in the three-inch pipe ' 
given in the table. Figure 15 is an extreme value 
probability plot of the data of Table 10; Figure 10 
is a plot of the 70 mil return period against relative 
velocity with the equivalent pipe diameters noted @ 
each point. Figure 17 is a plot of the maximum Pp" 
depth observed on each 50-inch length of pipe agaims! 
relative velocity. 
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Champion® that the curves will be of normal form 
and will move bodily to the right with increasing 
period of immersion. 


Discussion 






1) Pit Depth Distribution Curves 






The form of the pit depth distribution curves is 
ach that they can be considered to result from the 
superposition of two separate curves (a “J-shaped 
uve bent to the right, and a bell-shaped curve 
isarting at zero] rising to a maximum and there- 
fter decreasing rapidly with increasing pit depth). 
The “J”-shaped curve can be considered stationary 
with time within the limits of the precision of the 
measurements. The bell-shaped curve on the other 
hand moves bodily to the right in the direction of 
qcreasing pit depth, without essentially changing its 
shape, as the time of immersion increases from two 
weeks to two months, the mode or maximum of the 
urve increasing from about 2504 to 500, Thereafter 
the mode remains stationary and the right hand tail 
{the curve extends as the time of immersion in- 





These results can be explained on the basis of the 
following mechanism: When the coupons are first 
immersed in the water a large number of pits initiate 
and start propagating. After a short period of time, 
most of the pits progressively stifle and stop working 
while only a small number continue to propagate. 
Since all the pits will not stop simultaneously the 
J-shaped curve gives the distribution of pits that 
stifled shortly after initiation. Because of the random 
influence of the environment on the rate of propaga- 
tion, those pits which continue working sort them- 
selves out into a bell-shaped distribution curve. 
There are a few shallow pits and a few deep pits but 
the majority are scattered about an intermediate 
depth. It would be reasonable to expect that pits on 
different parts of the distribution curve would propa- 


























sis ; E . gate at different rates but the precision of the meas- 
These results contradict those in the meager dis- —_yrements is not sufficient to bring this out in detail. 
cussion of pit-depth distribution curves in the litera- The distribution curves behave as if they move bod- 
ture. Porter and Hadden’ published such a curve for ily to the right with only a slight change in the rela- 
: single period of immersion (four weeks) but did tive rates of propagation. 

not detect the “J’’-shaped portion. The only other After two months’ immersion the mode of the dis- 







reference to distribution curves is a speculation by tribution curve becomes stationary and only the 








TABLE 5——Ordered Maximum Pit Depths Developed on Alcan 3S-O Coupons Immersed in Kingston Tap 
Water for the Time Periods Shown Together With Their Ranks and Plotting Positions 
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| | 
mmersed \ | Plotting | Four | Plotting | Six Plotting One | Plotting 
nst their RANK Weeks | Position {| Month| Position | Months) Position |Months| Position | Months) Position Year | Position 
{ee | 330 0.1000 570 0.0909 | 600 0.1000 | 620 | 0.0909 | 640 | 0.0909 700 | 0.0909 
ers ecscss. | 400 0.2000 620 0.1818 670 0.2000 | 620 | 0.1818 | 650 | 0.1818 | 700 0.1818 
500 0.3000 640 | 0.2727 770 0.3000 | 670 | 0.2727 | 670 | 0.2727 | 750 | 0.2727 
hee 500 0.4000 640 | 0.3636 790 0.4000 680 | 0.3636 700 0.3636 | 770 0.3636 
PRs: | 530 0.5000 700 | 0.4545 790 0.5000 720 | 04545 | 720 | 0.4545 | 780 | 0.4545 
Sire ec sous | 540 | 0.6000 740 0.5454 830 0.6000 | 780 | 0.5454 | 730 0.5454 | 810 | 0.5454 
i 560 0.7000 780 | 0.6363 860 | 0.7000 | 780 0.6363 750 0.6363 | 820 | 0.6363 
Biases. ss | 560 | 0.8000 810 | 0.7272 930 0.8000 | 800 | 0.7272 | 770 | 0.7272 | 830 | 0.7272 
d 580 | 0.9000 840 | 0.8181 1030 0.9000 | 830 0.8181 | 780 | 0.8181 | 830 | 0.8181 
Petit sc.s. vee | cree, oe sae 0.9090 | 0.9090 | | 0.9090 
| 
9 
TABLE 6—Ordered Maximum Pit Depths Developed on Alcan 55S-T Coupons Immersed in Kingston Tap 
Water for the Time Periods Shown Together With Their Ranks and Plotting Positions 
rae | \d =| | PEAT a 
oD | One Plotting One | Plotting Two Plotting | Four | Plotting Six | Plotting | One | Plotting 
2 8 RANK | Week Position | Month| Position | Months} Position | Months) Position |Months, Position | Year Position 
— ——_| ——— — ——— — —  _ oo ————————TooSO | 
: 0.0909 240 | 0.1000 | 290 0.1000 | 320 | 0.0909 | 330 0.0909 380 | 0.0909 
é 0.1818 260 0.2000 | 310 0.2000 | 370 | 0.1818 340 | 0.1818 390 | 0.1818 
ton tap Joa, 0.2727 270 0.3000 | 360 0.3000 | 380 0.2727 | 370 | = 0.2727 400 | 0.2727 
id. dots i. 0.3636 310 0.4000 | 360 0.4000 400 0.3636 380 0.3636 | 400 | 0.3636 
alae 0.4545 320 | 0.5000 | 370 | 0.5000 | 420 | 0.4545 | 380 0.4545 | 400 | 0.4545 
. 6 0.5454 | 320 | 0.6000 | 380 | 0.6000 | 420 | 0.5454 | 300 | 0.5454 | 420 | 0.5454 
, 0.6363 | 320 0.7000 400 | 0.7000 430 0.6363 | 410 | 0.6363 420 0.6363 
: 0.7272 | 330 0.8000 440 | 0.8000 | 440 | 0.7272 | 430 | 0.7272 | 420 | 0.7272 
a 0.8181 | 350 0.9000 450 | 0.9000 440 0.8181 | 490 | 08181 | 430 | 0.8181 
7 CGO Poo Sco ae ee 480 | 0.9090 | 550 | 0.9090 | 460 | 0.9090 
vn in ! 
pipe § TABLE 7—Ordered Maximum Pit Depths Developed on Alcan 65ST Coupons Immersed in Kingston Tap 
posi- Water for the Time Periods Shown Together With Their Ranks and Plotting Positions 
water a a 8 @ 5 : = = ; = = 
pe is ff Rank | Two | Plotting | One | Plotting | Two | Plotting Four | Plotting | Six | Plotting | One | Plotting 
a Weeks | Position | Month! Position Months) Position |Months| Position | Months! Position | Year Position 
. > ee | | 
valu ; oo oe Oe ee ee ee OO 
piittteereeesessol 180 | 0.1000 270 0.0909 | 360 | 0.1000 | 430 0.0909 420 0.0909 | 520 | 0.0909 
re lf 3 200 | 0.2000 320 0.1818 | 370 | 0.2000 460 0.1818 440 | 0.1818 | 530 | 0.1818 
ae i 210 0.3000 | 320 | 0.2727 | 420 | 0.3000 | 480 | 0.2727 460 | 0.2727 | 610 0.2727 
ative ; 210 0.4000 | 320 | 0.3636 430 | 0.4000 | 500 0.3636 490 0.3636 | 620 0.3636 
od at et 210 | 0.5000 | 320 | 0.4545 | 430 | — 0.5000 500 0.4545 500 0.4545 | 620 | 0.4545 
ie 6 Ait aaa ea : Te oy ss a - ae Pe Mae 
pit Tictttssseesee.] 240 | 0.6000 | 350 | 0.5454 | 440 | 0.6000 | 500 | 0.5454 510 | 0.5454 | 660 0.5454 
np BEE sees... 250 | 0.7000 | 350 | 0.6363 | 440 | 0.7000 510 | 0.6363 | 520 | 0.6363 | 670 0.6363 
ainst <> 260 | 0.8000 | 360 | 0.7272 | 460 | 0.8000 510 | 0.7272 550 | 0.7272 | 700 0.7272 
rons 390 | 0.8181 | 600 0.9000 560 0.8181 560 | 0.8181 | 730 0.8181 


0.9090 0.9090 
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Figure 9—Maximum pit depth data for Alcan 3S-O immersed in King- 
ston tap water for the time periods shown plotted against their 
cumulative relative frequencies. 
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Figure 10—Pitting rate curve for Alcan 3S-O in Kingston tap water. A 
pitting rate curve of this form is obviously impossible since a pit cannot 
become shallower with increasing time. This behavior results from the 
fact that the experiment was out of control as a reference to Figure 9 
will show. An experiment, in control, should produce a series of lines on 
the extreme value probability paper which move to the right hand and 
rotate in a positive direction with increasing time of immersion. The 
data plotted as in Figure 9 in no way show this uniform behavior. 


deeper pits situated on the extreme portion of the 
tail of the distribution curve continue to propagate, 
although at a steadily decreasing rate, Thus after 
about two months’ immersion the majority of the 
pits cease to propagate, The explanation of this be- 
havior may be that the corrosion product which re- 
sults from the pitting reaction slowly builds up both 
over and within the pit stifling the reaction and slow- 
ing down the rate of pit propagation.® 
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Figure 11—Maximum pit depth data for Alcan 55S-T immersed in 
Kingston tap water for the time periods shown plotted against their 
cumulative relative frequencies. 
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Figure 12—Pitting rate curve for Alcan 55S-T in Kingston tap water. 
The one year point is not comparable to the other data because the 
one year extreme value plot of Figure 11 cuts across the 2, 4, and 6 
month lines. The plotting of the adjusted maximum pit depth for the 
4 and 6 month time periods (indicated by the solid figures on the pitting 
rate curve) taken from the corresponding straight lines of Figure !l 
produces the smoothed dashed pitting rate curve. 


TABLE 8—Analysis of Piping Tested 


Percent Cu Percent Fe Percent Si Percent Ti 


| 
0.02 0.21 | 0.11 





(2) Extreme Value Analysis of the Maximum 
Pit Depth Data for the Common Alcan Alloys 


(a) In all the examples presented the ordere¢ 
maximum pit depths were plotted as straight line 
against their cumulative relative frequencies on the 
extreme value probability paper. ; 

This can be taken as proof that the maximum fp! 
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depths were sampled from parent populations of 
axponential type and that the infinite population of 
gaximum pit depths is distributed as 


Return net 
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by mae 


(3) 


In the section dealing with the statistical theory of 
extreme values the apparent conflict between the 
nfinite range of this distribution and the finite range 
ithe possible pit depths was pointed out. It was 
Iso pointed out at the same time that the possible 
range of pit depths was several orders of magnitude 
oreater than the range generally observed so that 
there was no real problem in applying the theory. 
Thus the data can be safey extrapolated over at least 
‘wo or three times the observed range permitting the 
rect estimation of the probabilities and “return 
seriods” of a given pit depth. 

(b) The “return period,” that is, the number of 
observations which must on the average be taken to 
obtain a reading as great or greater than the given 
reading, can be read directly from the extreme value 
slot. Thus from the two-week data of Figure 9 
\lean 3S-O) at least 1000 coupons must, on the 
erage, be exposed in order to have a pit develop to 
it least 760#, whereas on the ten coupons exposed 
the deepest pit observed was 580. This can be con- 
sidered in another way: on 200 square inches the 
deepest pit that will be observed on the average is 
384, whereas on 20,000 square inches (139 square 
fet or 1000 panels) it is 760. Since the “return 
period” is plotted on a logarithmic scale the rate of 
increase Of maximum pit depth with area will de- 
crease very rapidly. Thus it follows as a direct con- 
sequence of the linearity of the data plotted on the 
extreme probability paper, that the maximum pit 
lepth is a linear function of the logarithm of the 
exposed area. 











ersed in 
nst their 





. 

(c) Rather than considering the “return period” it 
it equally worthwhile to consider the “frequencies” 
®, and, reconsidering the previous example (Alcan 

es FSO, 2-week curve of Figure 9) the probability of 
2 8 ee 
obtaining a pit 760# in depth or less is 0.999, There- 
ii 2 there is only one chance in a thousand of obtain- 
guse the fF "Nga pit deeper than 760# deep on ten 3S-O coupons 
— immersed in Kingston tap water for two weeks. 
o pitting However, it must be pointed out that even though 
igure 1 this is an extremely small probability it is neverthe- 
less an absolute certainty if a sufficiently large num- 
ver of coupons are exposed. If the panel is 760# thick 
or less, this will result in perforation. If, instead of 
aa oe the metal were fabricated into a container 
a ith the same internal surface area which held the 
16 Water, then perforation of one out of the one thou- 
aT sand containers would be expected for a two-week 
immersion” period if the container wall were 760# 
or less. If a more aggressive medium were used the 
Mobability of perforation would be correspondingly 
dered § Ser, while a shorter period of immersion would 
lines Hecrease the probability of perforation as would a 
n the thicker utensil wall. 
@) The extreme range of observed pit depths and 
m pt # Me tact that they follow a statistical distribution 
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Figure 13—Maximum pit depth data for Alcan 65S-T immersed in 
Kingston tap water for the time periods shown plotted against their 
cumulative relative frequencies. 
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Figure 14—Pitting rate curve of Alcan 65S-T in Kingston tap water. 

The observed maximum pit depths are given by the solid circles and 

the corresponding pitting rate curve by the solid line. The squares are 

the maximum pit depths taken from the straight line plots of Figure 
13 and the dashed line is the adjusted pitting rate curve. 


leads one to consider the question: “What is the 
proper measure of the rate of propagation of a pit?” 
The use of either the modal pit depth or the average 
pit depth has been recommended. These can be imme- 
diately ruled out because of the extreme amount of 
labor involved in measuring them. Even more impor- 
tant is the fact that the bulk of these pits does not 
continue to propagate. Rather, the use of the maxi- 
mum pit depth or some function of the maximum pit 
depth is to be recommended since these would meas- 
ure directly the danger of perforation of the metal 
under study within any given time period and under 


a given set of circumstances. 
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Figure 15—-Extreme value probability plot of the maximum pit depth 
data of Table 10, 
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Figure 16—Plot of 70 mil return period as a 
function of relative velocity pipe diameters in 
brackets. 


TABLE 9——Inside Diameter of Tubing Tested in Inches 


Nominal Diameter Actual Inside Diameter 


3.068 
2.469 
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Figure 17—Maximum pit depth obtained on 50 inches of pipe aso 
function of relative water velocity. Data are from Table 10. 


Because the maximum pit depths arise on replicate 
samples according to the extreme value distribution’ 
it is not possible to speak of a maximum pit depth 
but only of the probability with which any given 
maximum pit depth can arise. However, if a sufficient 
number of samples is exposed the probability of ob- 
taining a pit deeper than the observed maximum pit 
depth becomes very small, This observed maximum 
pit depth can be used in studying the rate of propa- 
gation of a pit, always keeping in mind that a deeper 
pit, while highly improbable, will occur, To avoid 
this either the average, or the mode, of the maximum 
pit depth distribution could be used, but in addition 
to the fact that they do not give a direct measure of 
the danger of perforation they too are subject to the 
inevitable sampling errors, Thus, it is considered that 
the maximum pit depth observed on replicate sam- 
ples is the most satisfactory measure of the rate of 
propagation of a pit in spite of the uncertainty intro- 
duced as a result of the statistical nature of the phe- 
nomenon. However, this uncertainty undoubtedly is 
less than that introduced as a result of variation in 
the pitting environment used—Kingston tap water. 

(e) The trend of the extreme value probability 
plot with time can be used to determine whether the 
experiment is in control. The nature of the pitting 
process would lead the author to expect that the 
straight line plot would be translated bodily in the 
direction of increasing pit depth and rotated ina 
clockwise direction as the time of immersion i 
creases. Inasmuch as the rate of pitting is known to 
decrease with time the translation and rotation 
should approach a limit. Any deviations from this ut 
form behavior would immediately lead to suspicio! 
of a lack of control in the experiment. Thus an exal® 
ination of the plot for Aican 2S-O plus copper, Fig 
ure 7, indicates that the abnormal shape of the pit”: 
rate curve of Figure 8 is due to a lack of control in the 
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speriment and not to the occurrence of improbable of pitting to be expected on greater lengths of pipe. 

“it depths. Thus, referring to Figure 16, it can be seen that for 
/ “The plot for 55S-T, Figure 11, is satisfactorily uni- a one-inch diameter pipe, 500 feet (1200 five-inch 

orm except for the one-year line which has a slope lengths) would on the average have to be exposed 

eater than those of the preceding time periods. This before a pit deeper than seventy mils would be ex- 

suggests that the experiment went out of control be- pected. 

ween six and twelve months. This may have been 


used by a change in the pitting tank water or the Conclusion 
otire twelve-month string may have been etched 
ferently from the others, Examination of the cor- 
esponding pitting rate curve, Figure 12, shows that 
he one-year point deviates from the line. 


When freshly etched aluminum is immersed 
in an aggressive water a relatively large num- 
ber of pits initiate and develop to the stage 
where they become visible. 


;) Influence of Water Velocity on the . Within two weeks more than half of the pits 

Corrosion of Aluminum Piping that start stifle themselves and become in- 
active. A pit depth distribution curve for this 
group takes the form of the letter “J” with 
many very shallow pits and a few that go 
somewhat deeper. 


It is to be noted that with the exception of the 
hree-inch diameter pipe, reasonably linear plots 
ee obtained indicating that the data follow the 
satistical theory of extremes. The lack of linearity 








2 athe case of the three-inch pipe is probably due to . The remaining pits continue to propagate for 
NCH PIPE & the fact that this pipe was heavily fouled, thus intro- about two months, A pit depth distribution 
pipe os a  iucing a random element not present in the other curve for this group has the familiar bell 
le 10. measurements. shape, During this period all pits propagate 

The most important observation to be made from at about the same rate and the “bell” type 
eplicate Figure 15 is that as the pipe diameter is reduced curve retains its shape and moves in the direc- 
bution’ "om three inches the slope of the extreme value plot tion of increasing depth. 


t depth increases, reaches a maximum at one and one-half 
4 


ere After about two months the majority of these 
inches diameter and thereafter decreases with further 


y given pees E = . error pits become stifled and only a small number 
‘ficient reduction in pipe diameter. Since the return period of the deeper ones continue to propagate. 
r of ob- s proportional ” the slope of the line this a that Thus the bell shaped curve remains stationary 
1um pit ‘ a period also — careng mionn-naiasser but develops a tail that lengthens with time. 
ximum [he “return period in this case is the number of le ‘ 

"peéte- ive-inch lengths of pipe that must, on the average, . The maximum pit depths on replicate samples 
deeper exposed to find a pit deeper than a given value. are statistically distributed according to the 
) avoid Hence the corrosivity, pitting-wise, of the given con- extreme value distribution: 

ximum & “tions of exposure as a function of water velocity 

Adios wil go through a maximum. This is clearly brought ae 

sure of § (“tin Figure 16, a plot of the 70-mil “return period” by =e 

to the & ‘Sainst relative water velocity. At each point on the ; = : 

ed that § (uve the corresponding pipe diameter is given. Thus 3. The anemiicias pit depth is linear in the loga- 
e sam- § “an be seen from this curve that the pitting aggres- rithm of the exposed area. From this it fol- 
rate of  *weness of the water goes through a minimum ata lows that it is legitimate to extrapolate pitting 
+ Sale relocity between that in the l-inch and the Ly- nch data obtained in the laboratory on small sam- 
he phe- Pipe {about 4.9 times that in the 3-inch pipe). a ples to large scale field installations. 

es ltis interesting to note that at the lower velocities . . ; 
edly is By, Mies tx line ash a es alas ‘ Since only a small percentage of all the pits 
oak ‘ ar, with the “return period” increas na ; ; 
tion in ing rapidly with a small increase in velocity. Past the that initiate continue <0 propagate ata high 
water. | naximum the “return period” decreases with welnetie rate it is economically justifiable to patch the 
yability f but ata slower rate. The same trend could have been first few perforations of a field installation 
her the § deduced from the plot of the maximum pit depth since the time to perforation of the remainder 
pitting J served on the entire length of pipe against water of the pits will be at least an order of magni- 


nat the & \locity given in Figure 17, but as 
in the @ ‘a0 be seen the results are not as TABLE 10—Ordered Maximum Pit Depths (in Mils) Observed on Pipe Section Together 














: lances . With Their Ranks and Plotting Positions 
d ina tar-cut. The extreme value analysis : a nme baie: ee 
on in- €8 provide more information and PIPE DIAMETER 

, & Dermits ae cate | Plotting, |_—_§£§@————_—_———,— -_—— 

own te mits more definite conclusions to RANK Position | 3” 
otation C drawn because it effectively bases F.p.s. x rate in 3 inch pipe 
his uni  “ Tesults on a valid extrapolation rolisveieies ven an 

-~ian me (0a large ¢ ‘ 0.1818 
spicior tger number of samples. 

exalt It should be pointed out that the §5.....) 
r, Fig: § “treme value probability plot can 9 7.2.21. 

pitts Fused to predict from the given Be ca nies 
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tude greater than that of the initial perfo- 
ration. 
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Any discussions of this article not published above 
will appear in the December, 1956 issue, 


DISCUSSIONS ON TECHNICAL ARTICLES ARE SOLICITED 


Discussions on technical articles published in Corrosion 
will be accepted for review without invitation. Discus- 
sions must be constructive, accompanied by full sub- 
stantiation of fact in the form of tables, graphs or 
other representative data and be submitted in three 
typewritten copies. 

Authors of discussions are asked to supply one copy 
of figures suitable for reproduction and will be sent 
on request a copy of the NACE Outline for the Prep- 
aration and Presentation of Papers. 


sion and will be sent to the author of the paper 
discussed for his replies, if any. Publication will be in 
the Technical Section with full credit to the authors 
together with replies. Discussions to papers presented | 
at meetings of the association may be submitted in | 
writing at the time of presentation or later by mail | 


Discussions will be reviewed by the editor of Corto- 





to the editorial offices of Corrosion, 1061 M & M | 


Bidg., Houston 2, Texas. 
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Introduction 

HE HUGOTON Gas Field discovery well was 

drilled on the Crawford lease near Hugoton, 
Kansas in 1931. Because of unfavorable marketing 
aditions, field development was slow with the ma- 
‘ty of the wells not being drilled until after 1948. 
Hugoton Field wells produce from a series of dolo- 
sitic strata in the Chase Group of the Permian Age. 
the field covers approximately 5,000 square miles 
nd has 5,739 producing wells. It extends from 
wuthwest Kansas through the Oklahoma Panhandle 
io the Texas Panhandle, as shown in Figure 1. 
‘me portions of the field are expected to be pro- 
ctive for another 40 years. 

Serious damage to the producing formation has 
en caused by sand and water entering the wells 
through casing leaks, Loss of deliverability and loss 
‘wells can be expected, even though the failures 
re successfully repaired. 

In an effort to evaluate this problem, a question- 
mire was circulated by the Hugoton Local Section 
‘the AIME in the spring of 1955. The information 
ntained therein was summarized by the author, It 
s the intention of persons preparing the question- 
mite to obtain sufficient information to: 


1, Determine the effect of completion procedures 
on casing life. 
2. Evaluate the effect of well head insulation. 


3, Locate subsurface formations containing cor- 
rosive waters. 


4.Locate any concentration of casing leaks in 
the field, 


Results of Questionnaire 


Response to the questionnaire was good, with an- 
wers being received from 22 companies operating 
‘)proximately 70 percent of the wells. These opera- 
“ts reported 56 casing failures; 46 in Kansas, 9 in 
klahoma and 1 in Texas. The failures are grouped 
“cording to age in Table 1, 

Before any conclusions can be drawn from these 
ala, it is necessary to have some knowledge of field 
“velopment. The information in Table 2 was ob- 
ned from proration records. It can be seen from 


‘ls table that the majority of the wells in this field 


: relatively new; 67 percent are less than 8 years 
‘and 50 percent less than five years old. 

ltis evident from a comparison of the information 
" Tables 1 and 2 that the majority of the wells in 
. held had little influence on these data. Since the 
“jority of the wells should respond to preventive 


meas . . . e 
“sures, accurately predicting the seriousness of 
er 

*submitted for publication February 6, 
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Abstract 


A casing leak survey in the Hugoton Gas Field was 
made to obtain information with which the casing 
corrosion problem could be evaluated and the most 
severely affected areas located. It was determined 
that leak frequency was relatively low but that leaks 
usually resulted in decreased deliverability or loss 
of the well. Because the pool is expected to be pro- 
ductive for another 30 years, the seriousness of the 
problem was not reflected entirely by current leak 
frequency. 

Work to date indicates current application based 
on indications derived from surface potential meas- 
urements is sufficient to protect the wells and that 
the required current is obtainable from galvanic 
anodes. This latter fact is important because each 
well is located in the center of a section. 

Interference from rectifier installations has been 
found in the field, presenting a new problem in efforts 
to protect casing cathodically from corrosion. 8.4.3 
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Figure 1—Map showing location of Hugoton 
Field, 
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Figure 2—Cumulative casing leaks in Hugoton Gas Field and in West 
Kansas Division. 


the casing corrosion problem is of the utmost impor- 
tance. 

In an effort to predict future field performance 
from these data, experience in another corrosive area 
has been considered. Curve A of Figure 2 is a plot 
of the cumulative casing leaks in the Hugoton Field. 
Curve B of Figure 2 is the cumulative casing leaks 
for the West Kansas Division (Oil Production) of 
Cities Service Oil Company. The purpose of this 
comparison is to establish the validity of the Hugo- 
ton Field expectancy curve, 

The experience with casing failures in both areas 
has been similar in that approximately the same 
number of leaks have occurred in the Hugoton Field 
that had been experienced in the West Kansas Divi- 
sion in 1947, The same reasons for accepting or re- 
jecting this curve applied to the West Kansas curve 
in 1947. If the expectancy curve for the West Kansas 
Division had been properly interpreted in 1947, con- 
siderable expense and lost production could have 
been avoided, 

Curve A, Figure 2, indicates that nine casing leaks 
could be expected in the Hugoton Field in 1955, A 
rough check of failures was made by contacting eight 
operators who reported 11 casing leaks. This is another 
indication that the expectancy curve is valid and that 
preventive measures should be employed immediately. 
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Figure 3—Depth of casing failures in Hugoton Field, 





TABLE Tones of Wells at Time of Failure 
e = —— 
1940-50 | 1950-55 | Unknown 





Period in which wells were | 
completed. | 1930-40 


Number of wells with leaks....| 2 ‘ | 2 
a age of well at failure | 








mobos Average age at failure of all wells reported was 10.6 years, with the 
first leak occurring in 1940. 


TABLE 2—Number of Producing Wells at Specified Times 


Number of Producing Wells 
| October, 1948 fs January, 1950 | December, 1955 


1,847 3,507 
| 760 1369 
| 





381 863 
2,988 








Methods of Repair 


A summary of the methods used to repair the re- 
ported leaks is given in Table 3. The method of 
repair depended on the type failure and for that rea- 
son no particular method can be considered the most 
successful, Cement squeeze was used most fre- 
quently. Even though several failures were exper 
enced with this method, it will continue to be used 
if the failure can be repaired with cement. 


Insulation 

Information from the questionnaire indicated that 
much of the well head insulation has been installed 
since 1946, It showed also that most of the wells are 
insulated at this time. Flow line current of 2.0 am- 
peres are not uncommon in this field which is stl 


ficient justification for insulating all wells from the 
gathering system, However, placing too much ent 
phasis on flow line currents would be a mistake to! 


two reasons: (1) Six of the 56 failures were insulated 
when the wells were put on the line, and (2) twenty 
three wells were insulated from one to eight year 
before the failure occurred. Undoubtedly, flow line 
currents have contributed to failures but there * 
no indication that insulation alone will eliminate 
failures. 
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pepth of Leak 

Casing failures have occurred from the surface to 
»tal depth as shown by Figure 3. Salt water and 
«cid have caused a number of failures to occur in- 
ide the surface pipe of older wells. These leaks dif- 
wr from the subsurface failures in that the produc- 
ng formation is not damaged. 























The majority of subsurface failures occurred be- 
sween 1,300 feet and 2,000 feet. There are several salt 
water bearing sands in this interval including the 
Glorieta Sand. Several leaks were reported opposite 














this sand, 

One string of casing was pulled after a leak had 
veloped; severe corrosion was found between 851 
et and 1,274 feet. There was no evidence of internal 
r electrolytic corrosion and the failure was attrib- 
uted either to sulfate reducing bacteria or hydrogen 
aifide bearing formation water. 





























‘ompletion Procedures 











Several operators in this field circulate cement to 
surface when the production string is set. This pro- 
dure should provide more protection for the casing 
string than cementing the casing shoe and it was 
hoped this protection would be shown by the survey. 
It is doubtful that sufficient information was ob- 
tained to make this comparison, Four failures in cas- . | SURFACE POTENTIAL 
ing cemented to the surface were reported. | HUGOTON FIELD 

Cities Service Oil Company cements the produc- 


tion string to the surface in this field but this proce- - sco 
ELECTRODE POTENTIAL—MILLIVOLTS 








IMPRESSED CURRENT-AMPERES 





























lure is not expected to provide complete protection. 
Two factors should be considered before relying on Figure 4—Surface potential measurement in Hugoton Field. 
cement for protection: (1) It is doubtful that 2,600 

eet of casing can be covered with cement without TABLE 3—Methods Used to Repair Leaks 

iny holidays and (2) Common cement deteriorates —— = = = 
ithe presence of sulfate ions, Unless sulfate resist- No. of Wells | Method of Repair Percent 
aitcement is used and the casing is completely En I \-—pphoneeanaeapheenneaephetemensacace oats: 
“ated with cement, complete protection cannot be . iss 
expected, 








Liners...... 


Whipstock and liner 1.8 
Cement squeeze. | 28.6 
Cement squeeze and liner } 3.5 








Concentration of Casin RMN ee ee oa L.8 
f C g Leaks 4 Steel plate welded to surface and production | 


nly ss . losing the annulus...........-...+++: 16.1 
Only ten casing leaks were reported in the Okla- Cut ell amalacs ond protection pipe and weld 

ee ° . ie 6 60ClC(it I gee a Sure Woe oo aS ee eed 10.7 
noma and Texas portions of this field and failures ‘bette ede see acorn 
J ; ; ; 5 100.0 
vere well scattered. The leaks in the Kansas portion e 

it the field were more concentrated with a number 

Ot Teales occurring in the immediate vicinity of Hugo- _ijjustrated _ the experience of two operators with 
ot, Kansas. This is the oldest portion of the field nine leaks 

ind many of the wells were drilled in the 1930’s. A 

lar 2 ai 7 1. Three wells Sees and 

‘irge percentage of these failures occurred in the sur- abandoned ........... 606 MCFD Deliverability Lost 


‘ace pipe and were caused by salt water and acid One well vepiteet with 
Water, a new string of pipe .. 647 MCFD Deliverability Lost 





Another concentration of leaks was found in the . One well repaired with 
tubing and packer after 


‘orthern portion of the field west of Garden City, cement squeeze failed . 786 MCFD Deliverability Lost 


\ansas, These leaks were of particular interest be- . Four wells repaired 


cause the wells were relativ ely new. Damage to the with cement squeeze ..2,251 MCFD Deliverability Lost 


moducing formation has resulted in the loss of one 4,290 MCFD Deliverability Lost 

vell an “red iverabilityv i ; : ‘ 
d decreased deliverability in others. Considering only the six wells that were success- 

pe fully repaired, the combined deliverability before the 

Lirect 0 Le EB “ ae e7° : 7 ‘S es i oo 

J Leaks on Deliverability leaks was 6,273 MCFD and after the leaks were re- 


The effect of leaks on deliverability can best be paired, was 2,589 MCFD, a decrease of 59 percent. 
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Figure 5—Electric logs for Hugoton Field. 


The loss in deliverability on an average well basis 
would amount to the loss of approximately 3.5 wells 
which, when added to the three wells 
plugged, would represent a loss of 6.5 wells out of 


out of six 


the nine which developed leaks, 

It costs approximately $25,000 to drill and equip 
a well in the Hugoton Field. These two companies 
had an investment of $225,000 in the nine wells, of 
which $162,500 was lost, not including the expense 
of repairing the leaks. Actually then, protective meas- 
ures would serve a dual purpose, protecting the in- 
vestment and avoiding expensive casing repairs. 

It was concluded from this survey that a serious 
corrosion problem can be expected in the Hugoton 
Field and that additional information is needed be- 
fore preventive measures can be recommended. To 
obtain the required information, four wells were se- 
lected adjacent to wells that had developed casing 
leaks, Each well was located in a different part of 
the field and was investigated in the following 
manner: 


1.A caliper survey was run to determine the 
condition of the inside of the casing. 


2. Surface potential measurements were made to 
determine the current required for protection. 
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CASING POTENTIAL PROFILE 
HUGOTON FIELD 


RUN |-A,NO CURRENT IMPRESSED 
RUN I-B, |. AMPERES IMPRESSED 


Figure 6—Casing potential profile for Hugoton Field. 

















3. Subsurface measurements were made to obtain 
the natural potential profile and the profile 
with the current indicated by surface measure- 
ments. 


Testing Procedures and Results 

Caliper Surveys 

Caliper surveys indicated very little internal casing 
corrosion, These surveys were made before the sub- 
surface potential profiles to avoid picking up any 
marks made by the tool. It was concluded from these 
surveys that internal corrosion is not a serious prob- 
lem in the Hugoton Field. 


Surface Potential Measurements 


Surface potential measurements have been mate 
by four operators in this field. The curves are ust 
ally smooth with a sharp break at the indicated cur: 
rent requirement, as shown in Figure 4. The indt 
cated current requirements have not exceeded the 
amount that can be obtained from sacrificial anodes 
This fact is of particular interest because only ont 
well is drilled in each section and is located neat 
the center of the section. The cost of installing a re 
tifier on each well would be prohibitive because the 
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nower to operate rec tifiers would be at least one-half 
nile from the well, Protecting several wells with one 
rectifier has been considered to overcome this diffi- 
ity. This procedure could present serious problems 
nd will be discussed later in this report. 


Potential Profiles 


Subsurface potential profiles in the Hugoton Field 
yave served two useful purposes: 


Subsurface 


1. They have shown that severe anodic areas are 
not the cause of casing failures, 


2. They have proven that surface and subsurface 
measurements will correlate in this field. 


The absence of large potential drops was surpris- 
ng since a number of leaks have occurred just below 
the Blaine Shale in the Glorieta Sand, two of which 
ae shown on the electric logs in Figure 5. The lack 
{ potential drops at this depth lends considerable 
support to the theory that sulfate reducing bacteria 
is the causative agent, Since cathodic protection is 
recognized as a means of reducing bacterial corro- 
son by creating an alkaline environment on the ex- 
rior of the casing,’ the remainder of this report will 
beconcerned with determining current requirements. 


Correlation of Surface and Subsurface Measurements 


The log current-potential method described by 
wing? and modified by Barrett and Gould,’ was 
ued to determine the cathodic current requirements 
{the wells surveyed, This method is much easier to 
we than the casing potential profile method but 
should be correlated with the casing profile in a new 
rea to determine its reliability. The amount of cur- 
rent indicated by the surface potential measurement 
was applied to the casing and a casing potential pro- 
ile taken, This procedure has been followed by four 
perators in seven different wells in this field. In all 
ases, the current used resulted in a potential profile 
imilar to the one shown in Figure 6. 


Correlation of these measurements means that cur- 
rent requirements for each well can be obtained and 
the cathodic protection system can be designed for 
the required current, This eliminates the guess work 
that has been used in the _Past and should provide 
maximum protection at minimum expense. Surface 
potential measurements can be made for approxi- 
mately $35.00 per well, whereas a subsurface poten- 
ial profile would cost approximately $400.00 per 
well. The difference in this cost is approximately the 


‘ost of protecting one well for ten years with sacri- 
ficial anodes. 


interference from Pipeline Rectifiers 


Interference with well casing from rectifier instal- 
‘ations has been discussed for some time with little 
‘idence presented on either side of the issue, One 
serious interference problem has been found in the 


Hugoton Field and there is reason to believe that 


thers exist. 


Pip 
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CASING POTENTIAL PROFILE 
HUGOTON FIELD 
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Figure 7—Casing potential profile for Hugoton Field (three runs). 


that current from a rectifier was seriously affecting 
the well. The remote pipe to soil reading (200 feet) 
was —1.93 volts and the local pipe to soil reading 
was —1.20 volts. All readings were taken with a cop- 
per sulfate electrode, The rectifier was turned off and 
dropped to —0.770 and —0.705 volts, 
A casing potential profile was taken to 
determine the effect of the interference. Run 1-A of 
Figure 7 is the potential profile with the rectifier on; 
run 1-B was taken with the rectifier off, and run 1-C 
was taken with the rectifier on and 2.2 amperes of 
current drained from the well, The rectifier ground 
bed was approximately 1000 feet from the well with 
the pipe line between the well and ground bed, ap- 
proximately 300 feet from the well. The seriousness 
of this situation is obvious and is proof of the fact 
that rectifiers can damage casing. 

Another indication of interference was found in 
the Garden City area. The remote pipe to soil poten- 
tial was fluctuating between —0.920 volt and —0.680 
volt, A few days later the measurement was made 
and the well to earth potential was steady at —0.665 
volt. The wind was blowing when the first readings 
were taken and this fluctuation in potential was 
thought to be the result of a wind charger on a river 


the readings 
respectively. 


crossing. 

A similar situation developed in another well dur- 
ing the casing potential profile survey. This test was 
set up to measure the effect of two rectifiers on the 
well—one located one mile from the well and the other 
located 3.5 miies from the well. The author intended 
to take two subsurface potential profiles; one with 
the rectifiers on and the other with the rectifiers off. 
The readings were unsteady and it was decided that 
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a spot check would be made instead of profiles. The 
tool was set at 1,700 feet and the rectifiers turned on 
and off alternately, Between 20 and 30 microvolts 
change in potential was recorded each time a rectifier 
was turned on or off. The wind was blowing the day 
these tests were run and the reason for the fluctua- 
tions could be the same as in the previous example. 

The author is convinced that rectifiers, under cer- 
tain conditions, can cause considerable damage to 
well casing but sufficient information is not avail- 
able to propertly evaluate the problem. This problem 
is being studied and it is hoped more information will 
be available in the near future. 


Conclusions 

It is believed that a severe casing corrosion prob- 
lem will develop in the Hugoton Field unless pre- 
cautions are taken immediately. Preventive meas- 
ures should include insulation of all wells from the 
gathering system, elimination of interference from 
rectifiers and the application of cathodic protection 
in certain areas. 

Interference from rectifiers is believed to present 
a serious problem in certain areas and should receive 
additional study. Special efforts should be made to 
determine whether interference can be predicted 
from surface measurements, 
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DISCUSSION 


Question by R. C. Buchan, Houston, Texas: 


What type of drilling mud was in the hole when 
casing was set in these wells? Our experience favors 
having high pH muds in the hole to combat probable 
bacteria and other corrodents. 


Reply by W. C. Koger: 

To the best of our knowledge, no high pH muds 
have been used in the drilling of wells in the Hugo- 
ton Gas Field. 


Any discussions of this article not published above 
will appear in the December, 1956 issue. 


HE 
elect 


is extren 


ture? tha 
than 100 
commun 
lines, an 
Annual | 
as a billi 
In an 
undergré 
Great B 
to amou 
mations 
loss are 
above. 
The a 
undergrs 
procedut 
made in 


When 
metallic 
installat 
will be ¢ 
repairs, 
to the sj 

Wher 
such as 
may be 
inconve 
indirect 
corrosio 
that re 
includec 

The f 


(A) 


4 


(B 


(C 


* Submitt 
* Faculty 
City Ur 





» Cities 
ish this 
derson, 
ice Oil 
"n Pipe 
ebraska 
ing the 


1 Actic n 


of Cas- 
8) June. 


e when 
favors 
robable 


| muds 
Hugo- 


An Estimate of Corrosion Losses to 
Underground Cables and Pipe Lines in Japan* 


By MICHIO TANAKA* 


Introduction 


HE AMOUNT of money lost each year through 

electrolysis and corrosion of metallic structures 
isextremely large. It has been reported in the litera- 
ire’ that in the United States alone there are more 
than 100,000 miles of power cables, 110,000 miles of 
ommunication cables, 263,000 miles of water pipe 
ines, and 537,000 miles of gas and oil pipe lines. 
\nnual corrosion losses there amounted to as much 
3a billion dollars. 

In another report® the annual corrosion loss to 
wderground pipe lines in the United Kingdom of 
Great Britain and Northern Ireland was estimated 
samount to $130,000,000. Procedures of those esti- 
mations and detailed constituents of the corrosion 
loss are not explained in the two works referred to 
above, 

The author was interested in corrosion losses to 
and pipe lines in Japan. The 
procedures and detailed constituents of the estimate 
made in this connection are presented below. 


underground cables 


Corrosion Loss Estimation 


When corrosion develops on the surface of a 
metallic structure and does not stop, failure of the 
installation ultimately will result and expenditures 
will be called for to make necessary replacements and 
repairs, This may be called the direct corrosion loss 
to the structure. 

When a failure takes place in metallic structures 
such as underground cables and pipe lines, service 
may be affected, resulting in reduced revenues or 
inconveniences to customers. This may be called the 
indirect corrosion loss. The evaluation of indirect 
‘orrosion losses is rather difficult to make and for 
hit reason only the direct corrosion are 
included in the following estimations. 

The following abbreviations are used in Tables 1-5: 


losses 


(A): Total length of installations (in km). 


a\.N . 

(B): Number of failures due 
to electrolytic corrosion 
per year. 


(C): Number of failures due 
to chemical corrosion per 
year, 

Power cables. . 


Communication ‘cables. 
Water mains 


t Submitted for publication February 2, 1956. 


"Tuculty of Science and Technology, Osaka 
'ty University, Osaka, Japan. = 
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_ TABLE 1—Corrosion Losses in Kansai District in 1954 


| 
Installations | & (B) | (C) | (D) 


2,000 
1,340 
3,816 0 | 50 50 
7,483 7 | 65 72 


Abstract 


An estimate was made of corrosion losses to under- 
ground cables and pipe lines in Japan. It was found 
that such losses over the past few years averaged 
approximately $200,000 annually. This figure was 
arrived at by making use of such factors as total 
length of installations, number of failures per year 
caused by chemical corrosion, number of failures per 
year caused by electrolytic corrosion, annual expendi- 
tures necessary for replacements and repairs, average 
repair expenditure per failure, and rate of failure due 
to corrosion per 100 km year. 1.2.2 


of failures due to corrosion as a 
, the sum of (B) and (C) 


: Expenditures necessary for replacements 
and repairs in case of failures per year 
(Yen). 


: Dollar equivalent of (E), based on the cur- 
rent rate of exchange—360 Yen to a dollar. 


(D) : Number 
whole; i.e 


(E) 


(F) 
(G): Average repair expenditures per failure in 
Yen. 
(H) : Dollar equivalent of (G). 
(K): The rate of failures 
100 km year. 

Table 1 was prepared utilizing records in the an- 
nual report (1954) of Kansai Electrolysis Control 
Committe. Osaka, Kyoto and Kobe constitute the 
main city zones of Kansai District. Tables 2 and 3 
were prepared utilizing data reported at the general 
meeting of Electrolysis Control Research Committee 
held in Tokyo on November 9, 1955. 

The corrosion losses to underground cables and 
pipelines in Japan as a whole are estimated, based 
on the data shown above and a supplementary survey 
of corrosion failures of water and gas mains. 

Table 4 gives these estimates. The power cables 
involved are those operated at voltages of 3 kv or 
higher and water and gas mains involved are those 
3 inches or larger in size. 

Corrosion losses to underground cables and pipe 


due to corrosion per 


| a 

(E) | (F) 

| Yen | $ 
13,531,000 
6,420,000 


1,290,000 
2,750,000 


| | 
(G) | (H) 
=€)/@) | -#Y/@) = Dy 


30 3 33 1,140 

72 | 44 | 116 154 
72 
106 


17,800 
3,640 


eel 
37,600 
7,640 
| 





53 





4 CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS Vol. 2 


TABLE 2—Annual Number of Failures of Power Cables Due to TABLE 3—Repair Expenditures and Annual Number of Failures of 
Corrosion in Japan Communication Cables in Japan Due to Corrosion 


| 1 ——_—_— 


E 
(D) | Yen 


Be) | © | Yen 
366 113. | 479 | 20,819,000 | 435° 
323 60 | 13'805;000 | aa 
393 116 | 36,279, 71000 
291 215 9,750,000 | 39,000 
Average. . 343 126 ¢ ’ | 48400" 


anneal —_— ~ FygANY 
\ the ] 


TABLE 4—Corrosion Losses to Underground Cables and Pipe Lines in Japan actively engaged in corrosion con- ovs at I 


a sie I et ae ne ba trol problems. The number of in- § sex, how 
| (H) =(G)X(D) | =(H)x(D) __ Stallations for corrosion mitigation § soys no 

installations ae Yen | § have increased in recent years as f are can | 
Esmimaamacn abies’ | oft | ame | 2 | “Asam | MER | BGRRG | 'SRBR shown in Table 5. The annual f pions: 
oo coveed 1G ont a ont | 108 | sasaooo | 94°850 ver of failures due to corrosion § gation né 
——— is decreasing somewhat in the case § giving ris 

of power cables (see Table 2) but § [twas 1 

generally speaking, further en- § ; sufficier 

TABLE 5—Number of Corrosion Mitigation Installations in Japan deavor for corrosion mitigation is necessary. wre in th 


Total. ... 73,957,000 | 205,700 


| 
! 
| 
| 


= = . 7 E “una hiaoal the essen 


Number of Installations ° 
soa inher ane eee Conclusion ttack rat 


n October, In March, 2 F wich corr 
Installations 1941 a956 It is found that the corrosion losses to underground §* 


| 
I neon on 16 | 35 cables and pipe lines in the last few years amount 
Forced drainage (cathodic protection) 7 on the average to about $200,000 per year in Japa 
tal... bia Ae 3 | as indicated in Table 4. This sum seems to be very 

small in comparison with the corrosion losses men- aes 

tioned in the introduction which were estimated for J iq } 
lines amount to about $200,000 per year in Japan by the United States and the United Kingdom. neniilieias 
the above calculation. Such corrosion losses vary ir will I 
from year to year and the estimate by Table 4 should References 
be considered as an average value for the past several 
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The Structure of Oxide Scales on Chromium Steels* 


By H. J. YEARIAN,* E. C. RANDELL* and T. A. LONGO* 


Introduction 

ANY INVESTIGATIONS have been made of 
M the protective oxides formed on heat resistant 
Jlovs at high temperatures. The problem is so com- 
ex, however, that even for the simplest of these 
joys no complete picture of the oxide scale struc- 
ue can be drawn for a wide variety of alloy com- 
wsitions and exposure conditions. Most of the infor- 
mation now available is restricted to conditions 
gying rise to relatively high attack rates. 
Itwas the intent of the present research to obtain 
sificiently detailed description of the scale struc- 
we in the case of the simple chromium steels that 
the essential correlations between oxide type and 
tack rate could be determined, Establishment of 
sch correlation was the first step toward an under- 
sanding of the oxidation mechanism. The primary 
ans of identification of the oxide phases present 
ii their relative amounts was by use of one or more 
‘the standard X-ray diffraction techniques. In cer- 
win instances these interpretations were supple- 
nented by chemical analysis. Similar investigations 
egarding the nickel-chromium steels have been made 
id will be presented in the near future, 
Because of the unavailability of pure binary alloys 
ving a range of composition sufficiently wide for 
he purpose, the major part of the work was carried 
it with commercial wrought sheet materials of 
minal 5, 13, 17 and 26 percent chromium content. 
their complete analyses are shown in Table 1. In 
ew of the well established relationships between 
tack rate and chromium content of the commercial 
loys' it was believed that the essential correlations 
ith oxide type should be discernible independent of 
reasonable variations of the minor constituents. Cer- 
ain aspects of the results were checked with a series 
special alloys. 


Experimental 


samples cut to approximately 1l-inch x 34-inch x 
rinch dimensions were polished through 3/0 emery 
hipers and vapor degreased. For convenience in han- 
‘ing in the oxidizing furnace they were suspended 
tom a Nichrome wire rack by platinum or Nichrome 
woks, All oxide from the edges and the vicinity of 
‘Ae supports was excluded from the analysis. 

Oxidation in air was carried out in a resistance 
‘mace through which preheated dry air was passed 
‘the rate of 200 cm* per minute. The temperature 
‘as indicated by a thermocouple alongside the sam- 
“sand was held constant to +5° C. Treatments in 
‘ygen were made in a quartz tube, the sealed end of 
tich was inserted into the top of a furnace which 
regulated to 3° C by a Micromax controller. 


— 


"Submitted for publication July 18, 1955. 


Physics Department, Purdue University, Lafayette, Indiana. 


Abstract 


The structure of the oxide scale formed on commer- 
cial chromium steels containing 5 to 26 percent Cr 
when oxidized in air or oxygen at temperatures from 
700 C to 1160 C for times up to 100 hours were deter- 
mined by X-ray diffraction methods, supplemented in 
some instances by chemical analysis. Two distinct 
types of scale were observed: A type scale occurs 
when the rate of metal loss is less than approxi- 
mately 10 mg/cm?/day, and B type when the attack 
rate is in the excessive range. For exposures near the 
critical conditions an initial A type scale transforms 
to B type during oxidation. 

The essential component of A type scale is Cr2Qs. 
This is usually accompanied by @Fe.O; in an amount 
which increases with the iron content of the alloy 
(.e., with rate of attack). At high temperatures or 
long oxidation times, dilute solid solutions of each 
of these phases in the other are formed. When the 
alloy: contains a few tenths percent of Mn, the A type 
scale may also include copious amounts of MnCr.O,, 
especially for high chrome alloys and for low tem- 
perature oxidations in air. 

B type scale is more complex than A scale and 
may be considered as two layers. The outer layer is 
duplex and is similar in all respects to the FesO. and 
Fe.O; layers of the scale on pure iron. The major con- 
stituent of the inner layer, corresponding to the FeO 
layer on pure iron, is a solid solution, FeFee.)CrsOx, 
of the spinel type. Throughout most of the layer x 
varies slowly, but near the metal it rises rapidly to 
x—=2 and near the FesO. layer it falls rapidly to 
x = 0. The mean value of x lies in the range of about 
0.5 to 1.5. The greater the chromium content of the 
alloy, the higher the temperature and the longer the 
time of oxidation, the larger is the value of x. In 
cases of very high attack the series of spinels is ac- 
companied by a series of wiistites which are modified 
by chromium additions ranging downward to zero at 
the FesOs layer. For 10 to 20 hour oxidations at 925 C 
and at 1000 C the chromium fraction of total metal in 
the inner layer is about 1.8 times its value in the 
alloy, whereas the excess is only about one percent 
in the scale as a whole. 

The experimental data are compared and con- 
trasted with existing information and are qualitatively 
interpreted by use of a tentatively proposed Fe-Cr-O 
phase diagram and a special theory of alloy oxida- 


tion. 323 


The open end of the quartz tube was waxed to a long 
water cooled brass tube fitted at its upper end with 
a packing gland and a sliding rod by means of which 
the samples could be lowered into the hot zone or 
withdrawn into the cold zone, The system was 
flushed twice by exhausting it to 0.01 mm of mercury 
and filling with dry oxygen. During oxidation the 
pressure was maintained slightly above one atmos- 
phere. 

Specimens for Debye-Scherrer X-ray diffraction 
analysis were made by powdering samples of the 
total scale or of separable layers obtained by flaking, 
scraping or controlled abrasion. This method was 
supplemented by Philips geiger counter spectrometer 
and back reflection investigations of the outer and 
inner surfaces of the scales or scale layers. The dif- 
fraction patterns were corrected for systematic errors 
caused by film shrinkage, specimen eccentricity and 
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Figure 1I—Lattice parameter of the FeFes,Cr.O, solid solution 

system measured at room temperature. Full curve, synthetic stoichio- 

metric solutions quenched from 1180 C, 1100 C, 950 C; dashed curve, 

synthetic oxygen-rich solutions quenched from 950 C. From scale analy- 

sis: full circles, coexisting with wustite phases; open circles, without 
wustite. 
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Figure 2—Metal loss of chromium steels and chromium content of B 

type scales. Full curves, metal loss; dashed curves, percent chromium 

metal in inner layer and in total scale, Small graph, variation with 
temperature of spinel x in innermost layer. 


TABLE 1—Compositon of 
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absorption, From these diffraction patterns the oxide 
types present could be established from known inter. 
planar spacing and lattice parameter data, and the 
mole fraction of the phases determined by compari- 
son of the relative line intensities with those 
tained from standard mixtures, 

In the case of the Fe,O;—Cr,O; solid solution 
system the lattice parameters given by Wretblad? 
were confirmed by new investigations. It was pos- 
sible to determine the compositions to +5 mole per- 
cent Cr.Qs. 

Because the spinel type oxides which are prevalent 
in the scales could not be completely identified from 
existing X-ray diffraction information, an intensive 
study* was made of synthetic Fe-Cr spinel oxide 
solutions, FeFe,..)Cr,O,, 0 < x < 2. This study re 
vealed several interesting features regarding the 
cation arrangement in these oxides and the probable 
effect on their electrical conductivity and diffusion 
coefficients, properties which are important to under. 
standing the oxidation mechanism, The lattice pa- 
rameters found as a function of x are reproduced 
schematically as the curves in Figure 1. The points 
represent results of the present research as detailed 
below. 


ob- 


As is evident from this figure, these studies demon- 
strated that the composition (x) of the solid solutions 
cannot be determined satisfactorily from lattice pa- 
rameter measurements alone. For this reason a com- 
bination scheme of quantitative X-ray diffraction 
intensity measurements to give the relative amounts 


of the phases present and colorimetric chemical anal- 
ysis for the metals present was developed and applied 
to the air oxidation of the steels.* This was done in 
addition to the standard X-ray diffraction analysis. 


Results 


The essential results of the diffraction analysis and 
the combination diffraction-chemical analysis of the 
scales formed on the chromium steels listed in Table 
1 under a variety of exposures to dry air and one 
atmosphere pressure of dry oxygen are shown in 
Tables 2 and 3 and Figure 2. Checks were made with 
other alloys of the 446, 440 and 430 types without 
significant variations, 

The numbers given in the first row in each entry 
of Tables 2 and 3 are the mole fractions of the phases 
indicated in the second row by letter symbols. The 
rhombohedral structure types are indicated by & 
followed by a number giving the mole percent 0 
Cr,O, dissolved in aFe,O;; RO is aFe,O; and R100is 
Cr,O . Spinel type oxides are shown by the symbol 5 
preceded by LP or HP accordingly as the lattice pe 
rameter has the relatively low value of the Fett 
spinels or the high value of MnCr,O,. Wiistite type 
phases are shown by FeO preceded by L or H cortt 
sponding to relatively low or high values of the lattice 
parameter respectively. Additional phases which 
sometimes occur and their approximate mole propor 
tions are added in parenthesis. 

Data for alternative but less common scale strut 
tures are enclosed in square brackets. The result 
for the different layers of a scale are separated by 
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jotted lines: They are listed in order with the outer- 
most layer ai the top. 
‘The additional data obtained for the chemically 
snalyzed scales are listed in the order of the lattice 
arameters of the spinel and wiustite phases, the x 
value of Fe-Cr spinel, the Cr fraction of metal, and 
he total mg/cm? of metal in the layer. All lattice 
oarameters are given in kX units for the reason that 
yearly all corresponding values quoted in the litera- 
wre are actually in these units even when indicated 
» Angstrom units (1 kX unit = 1.00202 A unit). 
It is evident from these data that the scale formed 
on chromium steels oxidized in air or oxygen is of 
two distinct types, A and B, 


Type A Scale 


Type A scale is associated with low rates of attack 
low temperatures and high chrome alloys) and con- 
ists primarily of Cr,O; together with an amount of 
afe,0; which is somewhat erratic but which in 
seneral decreases with an increase in the chromium 
ontent of the alloy and with a decrease in the oxygen 
partial pressure. This scale also may contain copious 
amounts of MnCr.O, (HPS in Tables 2 and 3) when 
ihe steel contains sufficient manganese, Many auxil- 
ary experiments involving both diffraction and 
chemical analyses have demonstrated that this phase 
has the composition MnCr,O, very closely and that 
theamount of this phase, when it occurs, is roughly 
proportional to the Mn content of the alloy. It is 
not detectible at Mn levels below about 0.3 percent 
ina 26 percent Cr alloy; its occurrence is favored 
y low oxygen pressure, low temperatures, high 
hromium content of the alloy, and long oxidation 
times, 

Because of the thinness of 
(etermination of how the components are distributed 
the scale has been possible. There are some indica- 
tions, however, that both the FeO; and the MnCr.O, 
phases are external to the Cr.O; phase. At sufficiently 
igh temperatures and long times of oxidation there 
sa tendency for the ferric and chromic oxides to 
orm dilute solid solutions, each in the other. In the 
wo cases shown for AM-26 wherein the data are 
‘eparated by dotted lines rather than dashed lines 
the upper data represent the scale as a whole and 
those below the line, the residue clinging to the 
metal. These data indicate that when both Cr.O, 
nd a ferric-chromic oxide solution are present, the 
omer is in contact with the metal. 

Some indication of the effect of minor constituents 
ithe formation of A type scale was obtained from 
‘tudies of the scale on a series of special Cr steels, 
‘which the content of C, Mn, Si and N decreased 
1 the order of samples S-2, S-3, S-4, S-5 (S-2 is 
\M-26). These samples were oxidized in air for 20 
urs at 980 C with the results indicated in Table 4, 
‘ing the same notation as in Tables 2 and 3. 


A scales, no positive 


lt is evident not only that the MnCr.O, phase 
‘appears as the Mn content of the alloy decreases, 
‘noted above, but also that a decrease in the minor 
stituents decreases the Fe,O; relative to the Cr.O; 
‘hase. Which minor component or combination of 
Mponents is responsible is not known. This be- 
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havior is to be contrasted with the observation that 
repeated oxidations of a sample which is given a 
minimum of polishing between cycles results not 
only in a decrease in MnCr,O; due to manganese 
depletion but also in an increase in Fe,O, associated 
with the depletion of chromium. 


Type B Scale 


Type B scale, which occurs under high rate of 
attack conditions, consists of an oriented layer of 
aFe,O; on the outer surface of one or more layers 
of the spinel type solid solutions, FeFe,2-x)Cr,O,; 
(LPS in Tables 2 and 3). In the case of severe attack 
the spinel is accompanied by oxides of the FeO 
(wustite) type in the inner layers. Exposure to air 
gives relatively more of the lower oxides than does 
oxygen exposure. 

The particular orientation assumed by the Fe.O; 
phase is understandable as a growth phenomenon. In 
the Fe,O; structure the oxygen ions lie close packed 
in layers parallel to the (111) plane and these oxygen 
layers are interleaved with layers of the metal ions. 
Thus it is not surprising that the crystals should 
prefer to grow with the (111) plane parallel to the 
surface, for a whole layer of oxygen ions can be laid 
down, then a layer of metal ions, ete. 

As the temperature of oxidation of a given alloy 
is increased, or as the chromium content of the alloy 
is decreased at a fixed temperature of oxidation, the 
data show that the scale type changes from A to B 
in accordance with the associated increase in attack. 
Over a narrow range of conditions the scale may 
contain elements of both types of scale. Within this 
range it is apparent that an initial scale of essentially 
the A type gradually changes to the B type as oxida- 
tion proceeds. The B type scale is itself very complex 
and requires more detailed consideration. 

The Cr content of the spinel solution (x) in the 
innermost layer of the type B scale increases regu- 
larly with chromium content of the alloy and with 
temperature of oxidation (see Figure 2); the spinel 
existing in layers other than the innermost is essen- 
tially Fe,0,(x = 0). The FeO type phases, if any, 
accompanying the spinels are of two kinds. That 
which occurs with Fe,O0, (LFeO in Tables 2 and 3) 
is the usual wustite as found on pure iron, whereas 
that which coexists with the chromium bearing spinels 
(HFeO) has a higher lattice parameter and may be 
assumed to be a modified wistite containing some 
chromium in solution. The higher parameter must be 
ascribed to a lower concentration of cation vacancies. 
This is reasonable in view of the observation made 
while working with the synthetic spinels that the 
equilibrium oxygen pressure of the modified wiistite 
is lower than that of ordinary wistite. In these 
studies a good correlation was observed between 
high x values of the spinels, high lattice parameters 
of the wtistites and low oxygen pressures, 

The spinel lattice parameters found in the analyzed 
layers are plotted in Figure 1. It is evident that these 
points confirm the general form of the curves ob- 
tained for the synthetic materials. Those spinels 
which occur without wiistite conform to the oxygen- 
rich curve or lie between it and the stoichiometric 
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curve ; those which coexist with wistite type phases 
tend to lie from 0.003 to 0.005 kX units above the 
stoichiometric (“metal rich’) curve. This latter devia- 
tion is believed to be due to the presence of man- 
ganese in solution. It is estimated that less than 3 
percent manganese (as metal) would be required and 
this is just below the limit of detectibility with the 
manganese analysis scheme used. 

The composition and lattice parameter obtained 
for the spinel phase are mean values for the layer 
analyzed. However, a comparison with the synthetic 
spinels, Figure 1, and consideration of the range of 
uncertainty in the lattice parameter determinations 
(+0.003 kX) shows that in no case can an appre- 
ciable fraction of the layer be ferrous chromite 
(x = Moreover, in the scale layers for which an 
x between about 1 and 1.5 is found by analysis, the 
range in x for the major portion of the layer cannot 
exceed about 0.2. When a value of x well below 1 
is observed the layer could contain two major frac- 
tions having x values near 0 and 1 respectively, In 
several instances of thick scales it was possible to 
obtain a scraping from the inside of the innermost 
layer (less than 10 percent of the layer); in these 
cases the spinel lines of the diffraction pattern were 


broader than normal and could include a range of x 
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up tox = 2. Thus it is probable that ferrous Chromite 


is in conté act with the metal, but that with i Increasing 


distance into the scale x decreases rapidly to a valy: 
near that observed by analysis and thereafter hy 
only a small gradient until the Fe,O, 
proached, whereupon it falls rapidly to zero, Ip - 
very thick scale this latter transition region ma 
form a well defined (‘middle’) layer. ; 

Figure 2 shows that in B type scale the chromiuy 
fraction of total metal in the inner layer or layers 
(corresponding to the FeO layer in the scale on pure 


iron) is about 1.8 times its value in the alloy, whereas 
the chromium fraction is essentially zero in the oute; 


layer (corresponding to the Fe,O, + Fe.O, laver 


iron) and exceeds that of the alloy by about 1 per. 


cent in the scale as a whole. 
The overall picture of a fully developed B 

scale is indicated schematically in Figure 3; th 

obvious effects which appear in 


missing. 
A comparison of Tables 2 and 3 with attack rat 
data given in the literature as a function of allo 


TABLE 2-—Structure of ‘the Oxide Scales on Chromium Steels Oxidized in Dry Air 
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T Temperature Time 
(Degrees C) | (Hours) 
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Vol. 1? 


layer is ap. 


Tables 2 and 3 
resulting from the inability to cleanly separate layer 
have been omitted. In the case of less drastic attack 
or of higher oxygen pressures than are here visual 
ized, the wustite phases would be less prominent or 


a =8.381 a =4.282 
x =0.0 0% Cr 
23 mg /cm? 
26 
LPS RO 
a =8.373 
| x =0.59 


43 mg/cm? 


Total: 66 mg/ cm? 


0.3% Cr 


11 mg/cm? 


24.5% Cr 
16 mg/cm? 


“Total: 27 mg/cm? 
4.7% Cr | 


3.4 mg/cm? 


65 
RO 


18.6% Cr 








___ 6.1% Cr 


(Note: Table 2 Continued on Following Page.) 





\ctober, 1 


Mos. 
2 
a 


pressure 
Og in at 


© 
~~, 


log partial 
of 


x of spinel 


Temperatu 
Degrees ¢ 





950 


1000 


1050 


THE STRUCTURE OF OXIDE SCALES ON CHROMIUM STEELS 


chromite 
creasing 
) a Value 
fter has 
‘r 1s ap- 
ro, In ; 
ion maj 


pressure 
Og in atmos. 
' 
So 


of 


1romiun 
or layers 
on pur 
whereas 
he outey variable x 


spinel plus 
layer of modified O Fen 03 


‘ wistite 
it | per @cr2903 


' 
inner la 
3 typ in yer outer layer —x| KR FeFeio,)Cry 04 


3° th L__ middle @ MnCro 04 
4 : layer 
2 and } y A wiistite 


te layers | 
ic attac! 
e visual: 
nent or 


e@® 


CoS SRARS BB 


% Cr Alloy 


Figure 3—Schematic of fully developed B type scale. Figure 4—Oxides present and scale type on chromium steels after 


ack rat 10-20 hours of oxidation in air. 
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TABLE 2 (Continued)—Structure of the Oxide Scales on Chromium Steels Oxidized in Dry Air 


= a 
| SAMPLE 


Temperature! Time | 
— Degrees C) | (Hours) | 


0% Cr 


2 








—. HFeO 
65 a =4.30 
R10 14.5% Cr 
= 36 mg/cm? 
Total: 83 mg/cm? 
6.3% Cr 
60 ee 
R100 40 .60 
LPS RO? 
* a =8.378 
0. x=00 of 18.2% Cr 
58 mg/cm? } 45 mg/cm? | 22 mg/cm? | 3.4 mg/cm? 
60 3 Be en CO a ene ee eee aa a Se Ne See eg Sa 
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a =8.380 a =4.287 a =8.382 a =4.296 
x =0.05 1.0% Cr x =1.16 24.6% Cr 
84 mg/cm? ___ 66 mg/cm? 
ae ee eee Total: 111 mg/cm? 
14.7% Cr 
34 ; -66 
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a a =8.385 a =4.295 
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ote: Numbers in the first row are the mole fractions of the phases indicated in the second row, as follows: : 
A, ~~ Rhombohedral phase; n mole percent of Cr2O3 in @ Fe2Os3 solid solution. RO—Fe203; RO°—a Fe2Os oriented with (111) plane parallel to surface 
00—Cr203 

9 . . 8 2 4 i ae , = . oat ey " ‘ > 20°F 

“ Pe Spinel phase, MnCr204; lattice parameter between 8.435 and 8.420 kX. LPS—Spinel phase, FeFe(2-x)Cr:04; lattice parameter between 8.387 and 

, 373 KX, 

3. LFeO—Cubic structure of FeO (wustite) with lattice parameter between 4.287 and 4.282 kX. HFeO—Ditto with parameter between 4.310 and 4.290 
kX. (1 kX unit = 1.00202A unit). i . : ‘ : ; 

mation phases sometimes present and their approximate mole proportions are given in parenthesis. Alternative scale structures are enclosed in square 
rackets. 

ome for different layers are listed in order with the outermost layer at the top. 7 . ; ; iain , 

or certain scales which were analyzed chemically, additional information is listed in the following order: Lattice parameters in kX of spinel and FeO phases; 
x value of FeFe(a-x)CrxO4 spinel; Cr fraction of metal in the layer in weight percent; mg/cm? of metal in the layer. 
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ypon oxidation conditions these results do not give a 
jescription \ hich is amenable to further comparison. 

McCullough, Fontana and Beck* have observed 
the onset of a rapid increase in the oxidation rate of 
chromium (and nickel-chromium) steels after an 
initial low rate and have ascribed this change to a 
‘ansition from a protective ferrous chromite scale 
a less protective hematite scale. This interpreta- 
jon is not supported by their chemical analyses 
which give a Cr to Fe ratio varying between four 
and nine in the initial scale, then decreasing to less 
than unity. Thus the initial scale must have con- 
tained a large fraction of Cr,O3. The analyses are 
consistent with a change from an initial A type toa 
B type scale in accordance with similar transitions 
shown in Tables 2 and 3 (e.g., for AM-17 at 900 C). 

Moreau® gives a brief description of a B type scale 
which, although similar from an overall point of 
view, differs from the authors’ findings in several 
important respects. A significant thickness of an 
FeCr,O, + FeO inner layer rather than a thin transi- 
tion layer is postulated. The spinel x value is treated 
as remaining at 2 over this innermost layer, then 
falling rapidly to zero, Thus no dependence of x on 
the composition of the alloy is admitted. No possibility 
is provided for the existence of FeO in either the 
imermost layer or in the middle layer. Since no specific 
indication is given of the exposure conditions for 
each alloy it is not made obvious that this description 
could apply only to the most extreme attack; no 
mention is made of the profound changes which occur 
under less severe conditions. 

The latter limitation applies to a lesser degree to 
the very complete micrographic examination of B 
type scales given by Portevin, Prétet and Jolivet*® 
nce they imply in their conclusions that for higher 
chrome alloys the scale character changes. It is clear 
that the separation of “A” and “B” layers observed 
by them corresponds to the authors’ division into 
ier and outer layers. Their A, component next to 
the metal is interpreted as the thin transition layer 
‘rom x = 2 to the analyzed value, A, as the region of 
iearly constant x and A; as the transition region to 
r= 0), 

Cohen and Caplan™ give a complete description 
fan A type scale formed in several hundred hours 
nan alloy similar to AM-26. The interpretation is 
omplicated by the occurrence of a duplex structure, 
iresumably caused by blistering, Although it is not 
ompletely evident from the publication, private com- 
munication has established that the phases present 
vere the same as those obtained by the authors, in- 
‘uding MnCr,O,, with the addition of a crystobalite. 
the crystalline silica probably is related to an amor- 
hous film which was observed beneath the scale in 
‘he authors’ much shorter oxidations. 
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In nearly all cases of true A scale formation the 
scale was easily removed after cooling. In this event 
a temper color film was observed on the metal, and 
for the longer oxidations this was accompanied by a 
layer having a white or frosty appearance. Electron 
micrographs of the exposed surface by replica and 
by transmission through stripped films showed that 
the latter material had a rough surface and was 
nearly opaque to 50 kv electrons (~10-° cm thick). 
It was located external to a thin film which was 
shown by electron diffraction to consist of oxides of 
iron and chromium. 

X-ray diffraction revealed no diffraction except for 
two diffuse halos and those very weak patterns which 
could be ascribed to the thin film. Thus the massive 
material was amorphous. No successful chemical 
analysis of this material has been possible but micro- 
analyses’ of the removed scale have shown several 
percent of silicon, It is tentatively assumed therefore 
that the material is an amorphous silica or a silicate. 
A more detailed description of these layers occurring 
under A type scales and of the evidence which 
strongly suggests that they exist at temperature, 
rather than that they form during cooling, will be 
published elsewhere, 


Oxidation Mechanisms 


Equilibrium Diagrams 


From these experiments it is now possible to give 
a rather detailed description of the composition and 
disposition of the various oxide phases occurring in 
the scale as a function of alloy composition, of time 
and temperature of oxidation, and of oxygen pres- 
sure. One is in position, therefore, to propose tenta- 
tive oxidation mechanisms for test by further experi- 
ments. Essential for this purpose is a knowledge of 
the basic properties of the oxide phases. Since some 
information is available concerning the other per- 
tinent oxides, investigations are being made of the 
structure and electrical conductivity of the Fe-Cr 
spinels. 

One of the most useful pieces of information would 
be a complete knowledge of the Fe-Cr-O phase dia- 
gram; some facts concerning these equilibria have 
been accumulated in studies of the formation and of 
the oxidation and reduction of the Fe-Cr spinels.’ 
The simplest form of phase diagram which is in 
agreement with the observations is represented 
schematically by the full lines in Figure 5 for low 
temperatures where the metals are completely mis- 
cible. The single phase homogeneity ranges have been 
exaggerated for clarity. “Phases” will refer here to 
solid phases. The single phase solutions of the spinels 
and of the ferric-chromic oxides are well established. 
The two phase regions connecting the spinels to the 
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ferric-chromic solutions and to the modified wiistites 
were observed in working with the synthetic spinels. 
It was observed qualitatively that the corresponding 
equilibrium oxygen pressures decrease rapidly as the 
chromium content of the phases increases. It is as- 
sumed that this trend continues from composition d 
to pure Cr.Os. 

It is to be emphasized that the arrangement shown, 
particularly with regard to the region a, b, c, d, e, is 
tentative. No necessity for the assumption of a 
pseudo-binary between oxygen-rich Cr and Fe has 
been visualized.*:!*:'4 Even so, other arrangements 
are possible. At an alloy composition such as e, a 
three phase region c, d, e, might be interposed be- 
tween a pseudo-binary, Cr-Cr.O;, and a two phase 
region extending from alloys a-e to a small range 
near FeCr,O, (Case 2). 

In view of the discussion below, a more attractive 
variation of this last arrangement would be obtained 
if point e were near point a, leaving the diagram as 
drawn except for a narrow pseudo-binary between 
a and c, as indicated by the pair of dashed lines 
(Case 3). At higher temperatures the miscibility gap 
of the alloys can be taken into account in Case 1 and 
Case 3 by dividing the upper two phase region into 
two by a three phase region based on the a+ 8 
allov range f-g and terminating near d, as indicated 
by the dotted lines. The two other possibilities for 
which this region would terminate at b or c would 
predict the wrong type of scale on alloys near f, 
according to the considerations to follow. 

Case 1 requires a fixed composition for FeCr.O, 
whereas 2 and 3 require a range of homogeneity, The 
spinel lattice parameter measurements® indicate a 
very small range but cannot eliminate the possi- 
bility of a fixed composition (not necessarily the 
stoichiometric one). 

Equilibrium diagrams have been used to interpret 
the oxides forméd on binary alloys, Scheil and Kiwit® 
and Scheil’* have considered that the oxide which 
will be formed at the metal is the one having the 
largest heat of formation. They treated the single 
phase regions as having fixed compositions, thus the 
ranges of composition necessary for the formation of 
scale layers in which diffusion can occur were not 
included. Rhines'* has taken this into account and 
has applied these ideas with considerable success to 
the external and internal oxidation (subscale) of 
copper alloys. In particular he shows that it is not 
necessarily the most stable oxide which forms on the 
metal (e.g., according to Figure 5, modified wustite 
would form on an alloy of Cr content less than com- 
position a, although Cr.O , is more stable in the usual 
sense). 


Wagner Theory 

Considerations based on equilibrium diagrams can 
form only a starting point for interpretation since 
they tell only what phases should be present at equi- 
jibrium and for known compositions. The actual 
situation is a dynamic one and the amount of the 
components present in a layer depends in a very com- 
plex way on reaction rates at interfaces and on dif- 
fusion rates within the various layers and within the 


522t 


Cr 


Figure 5—Schematic Fe-Cr-O constitution diagram. 


alloy. Dunn’ has treated the problem taking into 
account some of the effects of differential diffusion 
within a binary alloy and the oxides formed on it. 
The more quantitative treatment of Wagner’® is more 
fruitful, however, for the present considerations, 

Under the simplifying assumptions of ideal solu- 
tion behavior of the binary alloy, no mutual solubility 
of the oxides and approximate equilibrium at the 
metal-oxide interface, Wagner has investigated the 
conditions under which a single oxide of one metal 
or the other, or mixtures of the two oxides, will be 
formed, The assumptions made are not completely 
fulfilled in the present instance, but the qualitative 
features of the theory are informative. 

Equilibrium of either component of the alloy with 
its corresponding oxide of dissociation pressure 7, 
relative to the pure metal, requires that N™p =7, 
where N is the mole fraction at the interface of that 
component, p is the equilibrium oxygen pressure at 
the interface and m is a positive number (4/3 for 
Cr-Cr.O, and 2 for Fe-FeO). Since Nr. = 1—Ne: 
for a large Ne, the equilibrium pressure for Cr would 
be less than that for Fe and only Cr,O, would be 
formed; for a large Nr. the reverse is true and only 
wustite would be stable. 

At some critical Ne, the equilibrium pressures 
would become equal and both oxides could exist (1 
the absence of oxide solubilities and compound for- 
mation). Because 7(Cr.O;) is several orders of mag: 
nitude lower than z(FeO)” the critical composition 
would be at a very low mole fraction of Cr. The 
existence of ranges of composition of the oxides 4 
envisaged in Figure 5 modifies this picture somewhat 
If the dissociation pressure of the chromic oxides 
increases on going toward d and that of the modifie’ 
wiistites decreases toward b, as assumed, the critica’ 
mole fraction of Cr would be increased to some val? 
represented by a. 

This mechanism then provides for type A and B 
scales. If the concentration of chromium is above 
point a, essentially pure Cr.O, or A type scale would 
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ye formed, whereas if it is below only modified 
yystite Should be present, In either of these situa- 
sons, however, it is clear that surface depletion of 
he oxidizing Component would occur, tending to 
ring the surface concentration to a. At this con- 
entration either modified wustite and approximate 
1,0; of composition d would form (Case 1), giving 
the essentials of a B type scale when they react to 
the spinel and excess wustite, or FeCr.O, would 
opm directly (Case 3), It follows from the limited 
«te of diffusion of chromium in the alloy that if an 
\type scale is to be formed the bulk concentration 
gust be considerably larger than a. Similarly, if only 
vistite is to be formed, the bulk concentration must 
econsiderably smaller than a (actually very near 
ore Fe). For alloys between these compositions a B 
wpe scale will be produced. 

Application of the Wagner concepts and use of 
the phase diagram leads to the conclusion that under 
nditions appropriate to B scale formation either 
vistite and Cr,O3, or FeCr.O, should form at the 
terface. But such considerations alone cannot tell 
how much of the metal components will be oxidized 
sor how they will be distributed through the scale. 
In Figure 2 it is shown that for B scale the overall 
position is the same as that of the alloy except 
for about 1 percent excess of chromium. This is 
uderstandable when it is realized that the total 
thickness of metal which is oxidized in an ordinary 
bservational period is large compared with the depth 
‘om which an appreciable amount of Cr can diffuse. 
Thus in B scale formation the metal components 
must enter the scale in nearly the alloy proportion, 
with a slight excess of chromium which comes from 
etting up the chromium gradient. Since with any 
practical alloy there will always be more than enough 
ion present, all Cr.O; (Case 1) should be reacted 
to spinel at the interface or immediately adjacent to 
i. Cr,.O, should not be found in B scale except 
possibly as a subscale layer on and within the metal. 


The proportions of the metals in the scale at any 
point will not in general be the same as in the alloy 
‘nee their rate of transport through the oxide is not 
thesame, Not only do possible differences of diffusion 
woefficient come into play but a whole series of dis- 
jlaeement reactions is active within the spinel layer 
swell as interface reactions at the boundaries of the 
ayers. Chromium can displace iron from any of the 
spinels, Since the equilibrium pressure for high 
‘hrome spinels is lower than for low chrome spinels, 
inder the conditions of an oxygen pressure gradient 
atendency always will exist for the high chrome 
‘pinels to segregate at the inside of the inner scale 
ind a gradient of spinel composition (x) will be 
obtained ( Figure 3). 

If the rate of decrease of x is sufficiently large 
‘mpared with the rise in oxygen pressure corre- 
‘ponding to increasing distances from the metal- 
xide interface, the spinels will come to their metal- 
‘ich state and be accompanied by the corresponding 
nodified wiistite. It might be thought that this condi- 
‘on would lead to a reduction in attack rate since the 
stadient of cation vacancies in the spinels would then 
¢small or essentially zero if the metal rich state 
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corresponds to the stoichiometric composition. The 
high diffusion through the wiistite would compensate, 
however, for this decrease. Even in this case there 
might be some transport of chromium through the 
spinel phase by displacement reactions since local 
equilibrium with the wistite might not exist, in view 
of the fact that as the scale thickens the effective 
oxygen pressure at any point decreases and spinels 
of higher x become stable. 

Outward from the point at which x becomes zero 
the processes of scale formation are similar to those 
which occur in the scaling of pure iron, resulting in 
the formation of Fe,O, and Fe.O, outer layers. 


Moreau’s Mechanism 


This mechanism is in strong contrast with that 
proposed by Moreau.’ Since he postulates an ap- 
preciably thick layer of stoichiometric FeCr.O, in 
which diffusion cannot occur and further assumes 
that the accompanying FeO cannot diffuse trivalent 
ions, he is brought to the conclusion that all chro- 
mium is reacted at the interface with oxygen which 
diffuses inward through the layer. Thus the FeCr.O, 
components grow at the inside boundary of the layer 
and dissolve in the Fe,O, layer at the outside bound- 
ary to form spinels with x less than 2. Extension of the 
latter reasoning leads the authors to believe that an ap- 
preciable thickness of FeCr,O, would not form initially 
and that the gradient in x would begin at the metal- 
oxide interface as observations indicate. 

It is well known that wistite contains Fe** ions 
associated with the large metal deficiency which al- 
ways exists. The vacancy concentration may be as 
high as 10 percent of the cation sites!* 1° and more 
than 20 percent of the cations may be trivalent. There 
is no objection, therefore, to the assumption that Cr** 
can disolve in and diffuse through the “modified” 
wustite phase when it is present. As already has been 
pointed out, there is good evidence that the modified 
wustites have lower concentrations of cation va- 
cancies than does ordinary wiistite and would, there- 
fore, be expected to have smaller diffusion coeffi- 
cients. This may be the primary reason that the B 
type scale, although less protective than A scale, is 
more protective than the scale on pure iron. 

In the alternate case that no wutstite phase is ob- 
served, which situation is not compatible with the 
hypothesis of Moreau, the spinels are cation deficient 
and can certainly diffuse both iron and chromium 
ions. Furthermore, if the rate of loss of chromium 
were determined by the rate of inward diffusion of 
oxygen, it would seem difficult to account for the 
near identity of the chromium to iron proportions in 
scale and alloy for a wide range of conditions as 
shown in Tables 2 and 3 and Figure 2. This difficulty 
is particularly great if consideration is given to the 
great disparity in the diffusion rates of oxygen and 
metal in Fe,;O, and in FeO observed by Himmel, 
Mehl and Birchenall.*® 


Growth Law 
Under the assumption that the scale follows the 
parabolic growth law and that the interdiffusion co- 


523t 





64 CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS Vol. 


efficient in the alloy is independent of concentration, 
the Wagner theory shows that the critical bulk con- 
centration of chromium which would differentiate A 
from B scale is an increasing function of the ratio of 
the parabolic rate constant, K, to the interdiffusion 
coefficient in the alloy, D. 


It is known that the scale on chromium steels does 
not grow according to the parabolic law y? = Kt, 
but in a manner”™® more nearly y" = K’t where n is 
less than 2, In terms of the parabolic law, K increases 
with time of oxidation, and therefore the critical bulk 
concentration increases with time. Conversely then, 
the A type scale which may be formed initially on a 
given alloy must eventually change to the B type. 
Several instances of this change with time are evi- 
dent in Tables 2 and 3. Of course, if the chromium 
content of the alloy is sufficiently high (e.g., 26 per- 
cent) the change may not be observed within the 
usual period of measurement. 

Another feature of the theory is that of two alloys 
which oxidize to give Cr,Os3, the one of lower chro- 
mium concentration should have a lower rate of 
metal loss. A lower Ne, requires a higher equilibrium 
oxygen pressure, p, at the interface and this in turn 
entails a smaller concentration gradient of cation 
vacancies in the oxide lattice which results in a lower 
transport of chromium. The obvious deviation from 
this prediction of the idealized theory is probably 
associated with another equally obvious deviation; 
namely, the presence of Fe,O; in A type scale, An 
analogous situation in the oxidation of Ni-Cu alloys 


has been considered by Wagner and the explanation 
of the present case is probably similar. 


It is true that under the conditions assumed for 
the production of A type scale no oxide should be 
formed except pseudo Cr.O, (in the case of a pure 
binary alloy), but Fe can oxidize in the initial stage 
before a protective layer is formed and subsequently 
at any local failure of the scale due to cracking or 
spalling. Non-equilibrium conditions might also be 
expected during a-8 transitions in the alloy. Further- 
more, the balance between A and B scale formation is 
rather delicate and any local fluctuation in Ne, may 
permit formation of iron oxides. Fluctuations of this 
nature might be present as initial inhomogeneities in 
the alloy or they would be produced during oxidation 
by any inclusion such as a carbide which would 
locally suppress diffusion of chromium to the alloy 
surface. 

Whatever the cause of the formation of Fe.O, in 
the scale, it is clear that the distribution of this phase 
must be rather heterogeneous. Otherwise ferric- 
chromic oxide solid would be observed 
rather than separate phases, since intimate mixtures 
of these oxides will sinter completely to the solution 
in 10 to 20 hours at 950 C. Actually, significant 
amounts of solution are observed only at consider- 


solutions 


ably higher temperatures or longer times. 

Formation of iron oxide inclusions with the Cr.O; 
will, of course, increase the rate of attack since these 
oxides are less protective. Tables 2 and 3 show that 
the amount of the Fe.O, phase present in A type 
scale decreases as the chromium content of the alloy 
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increases. This probably accounts for the correspond. 
ing decrease in attack rate, It also is noted that the 
amount of Fe,O; for a given alloy and temperature 
of oxidation tends to increase with time. On the same 
basis as above, the associated decrease in protective 
quality may account for the deviation from th 
parabolic law and the eventual conversion to a B 
type scale, as discussed previously, 

Other possible sources of deviation from the 
parabolic law may be associated with the presence 
of the thin film-like layer at the metal-scale interface 
which was described above, or with the presence of 
MnCr.Q, in the scale. No positive indications of the 
beneficial or detrimental effects of this phase have 
been observed. 


Behavior of Manganese 

The behavior of Mn in A type scale might be 
treated to a rough approximation by considering Fe 
to act as an inert solvent for the Mn and Cr, The 
mole fraction of each solute is nearly independent 
of changes in the other and the effective oxyger 
pressure at the metal-oxide interface is determined 
essentially by the Ne, corresponding to equilibrium 
with the Cr,Os3. 

For simultaneous formation of the oxides at the 
same equilibrium pressure a critical chromium 
concentration will be required such that N%%,= 
a(CrzO3)/7(MnO)?*/4 (Nyn)?/*, neglecting solubilities 
of the oxides. Since the ratio of dissociation pressures 
is large, the N°c, will be much larger than the exist- 
ing Nyn. Three cases are to be distinguished. If No 
at the interface is larger than the critical value, the 
equilibrium pressure will be too low for the forma- 
tion of MnO and no manganese should occur in the 
scale except to the limit of its solubility in Cr.O, (or 
possibly in the metastable iron oxides present) 
When Ne, is equal to N°c,r both oxides should form 
The fact that no MnO but only MnCr,Q, is observed 
must mean that conditions for reaction to the latter 
compound are reached at a position very near the 
interface or, in view of the effect of oxide solubilities 
and the unknown Mn-Cr-O phase diagram, direct 
formation should perhaps be considered instead of 
MnO. In either instance the excess Cr.O,; would 
effectively act as a sink for Mn and the amount of 
the latter in the scale would be controlled by its rate 
of diffusion in the metal. 

The third case comes about when Ne, becomes 
considerably less than the critical value, either duet 
a low bulk value or to the increased surface depletion 
associated with an increased attack rate. The pressure 
at the interface is then above that required for oxide 
tion and MnO (or MnCr.O,) can be expected t 
occur as a subscale. This is probably the reason 10 
the disappearance of the MnCr.O, from the A scale 
on the lower chrome alloys in oxygen. 

Unfortunately, a satisfactory quantitative check 0! 
these speculations cannot be made because of ur 
certainty in the value of z(MnQO). From the data 
available,” *° the ratio of dissociation pressures maj 
be calculated in the temperature range of 800 to 100 
C as approximately 3 x 10? or 10*. These values 
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correspond to an N°cr for 0.5 percent Nyn of about 
) percent a! d 35 percent, respectively. Reasonable 
sstimates of the value required by the experimental 
pservations lie in this range. 

Considerations similar to the above should apply 
iso to Si, but since the dissociation pressure of SiO, 
seven lower than that of MnO it is expected to 
cur only in a sub-scale, If either the Mn or Si were 
present in sufficient amount, however,.it could be 
axpected to oxidize exclusively in a way analogous to 
that already discussed with respect to Cr and Fe. 
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Intrinsic Protection of Water Mains* 


By M. UNZ* 


Introduction 
REVENTIVE MEASURES against corrosion 
are of primary importance in water supply sys- 
tems, This is especially true in irrigation schemes 
where an extensive distribution network must be 
maintained. In such cases inherent protection is in- 
dispensable. 

The use of special coatings or of concrete pipe may, 
in some instances, increase the corrosion 
hazards on adjacent portions of the line. Detailed 
knowledge of the accompanying phenomena is there- 
fore essential if proper protection is to be secured 
for the entire system. 


greatly 


Cement Coated Pipe 


Cement coated pipe withstands most of the corro- 
sion-inducing conditions encountered in the soil. With 
Portland Cement a high apparent insulating resist- 
ance is developed because of the material’s particular 
chemical properties. When this material is used the 
metal-to-soil potentials are raised to more positive 
values than with any other kind of coating.’ 

The cement coating of a steel or an electrically 
continuous reinforced concrete pipe must be able, 
however, to withstand much higher corrosion stresses 
than industrial concrete structures, Owing to the 
electrical conductance of the line, electromotive forces 
add up, which produce conditions of an electrolytic 
stray current attack. 

An isolated cement coated line without steel tap- 
pings or extensions is subject to more or less the 
same metal-to-soil potential variations as a bitumin- 
ous coated pipe. The graphs in Figure 1 illustrate 
the metal-to-soil potential and discharge current den- 
sities of a 66-inch electrically continuous line with 
34-inch thick cement mortar coating. The potentials 
were referred to a copper-sulfate half-cell placed over 
the center of the line. Radial current discharge densi- 
ties were computed from transversal surface poten- 
tial measurements; Shepard canes were used for 
soil resistivity probing. 

The line section concerned was buried four feet 
deep (measured from top of pipe) in an area free of 
industrial stray currents, There were no lateral lines. 
At its beginning the line was insulated; beyond sta- 
tion 13,000 it continued under similar conditions. 

A survey of the line was undertaken one month 
after the last rainfall. Surface resistivities down to 
one foot depth exceeded 10,000 ohm cm. At pipe 
depth the resistivities varied between 2200 and 4000 
ohm cm. 

The results indicate that the line was discharging 
current in the low resistivity zones only. Between 
% Submitted for publication August 9, 1955. 

* Water Planning for Israel, Ltd., Hakirya, Tel-Aviv, Israel. 
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Abstract 


Inherent protection against corrosion hazards js 
essential in water supply systems. External corro- 
sion is reduced by the use of cement coatings and 
separation of heterogeneous line sections. Internal 
galvanic action, especially in prestressed concrete 
structures, is eliminated by separation or matching 
of materials, A complete solution of the problem is 
attained only by electrically nonconducting pipe. 
Internal corrosion and blocking of pipes can be pre- 
vented by water treatment. 

Investigations on an irrigation system confirm that 
bare or bituminous coated steel components are 
anodic to cement coated lines. Irrigation outlets dur- 
ing the dry season also usually are anodic to the 
trunk line. In anodic areas a chemical absorption 
process takes place in the cement coating, which 
intrinsically increases its protective value. The pres- 
ence of an adequate layer of pure cement over the 
steel surface is essential for this protective effect. 7.2 


stations 1000 and 7000, current was discharged at 
blow-off points and where irrigated plantations were 
crossed, Further on current was discharged at the 
low blow-off points only, as that part of the area 
was not irrigated, Maximum current discharge has 
been registered in the locations where water had 
accumulated during the rains. These spots coincide 
in general with depressions in the potential curve 
Only at station 6411 has a discharge peak occurred 
under a “potential hill,’ probably as the result of 
local weak spot in the coating. 

The above features have been confirmed by inc: 
dental excavation and opening-up of the cement 
cover. Metal-to-soil potentials on isolated lines 
ranged from —50 to —400 millivolt. These values 
are 200 to 300 millivolts more positive than on bi- 
tuminous coated pipe, as Hendrickson’? has pointed 
out. 


Ground Circuits 


In a system made up of both cement and bitumin- 
ous coated pipe the entire distribution of corrosion 
currents is governed by the above mentioned potet- 
tial differences. The cement coated mains pick up 
current discharged from bituminous coated interme 
diate line sections, steel adaptors or branch lines. 
thereby receiving a certain amount of intrinsic ct 
thodic protection, 

Figure 2 shows the junction of another section 0! 
the 66-inch main with a 24-inch crossing steel line 
When the two lines were electrically separated, the 
metal-to-soil potential of the cement coated main real 
ger = —205 mv in relation to a copper-sulfate halt 
cell, while that of the bituminous coated line Wé 
$p1 = —565 mv. The two lines picked up current; the 
cement coated at an average rate of j., = 0.004 ma 
square foot whereas the bituminous coated at jo = 
0.0005 ma/square foot. The pick-up currents wer 
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Figure 1—Metal-to-soil potential and current discharge on Y-31 
cement coated line. Code to letters is as follows: A, air-valve; B, blow- 
off point; |, inspection manhole. 


weraged from a series of transversal surface poten- 
ial measurements at 120 feet from each side of the 

rossing point of the two lines (Table 1). 

As soon as the bond across the junction was closed, 
potentials g., and yg»; changed to the common value of 
¢=—240 mv. On the 66-inch main the potential 
came more negative by Ag. = 35 mv and the mean 
lensity of its pick-up current rose to 0.007 ma/square 
toot. The 24-inch 
4y, = 325 mv and started-discharging current at a 
mean density of 0.003 ma/square foot. These changes 
vere accompanied by a balancing current of I, = 1.60 
imp, flowing through the metal bond from the ce- 
ment coated main to the 24-inch line. 

lf the instantaneous apparent resistivities of the 


line became more positive by 


‘uperimposed circulating current circuit are consid- 
‘ed irrespective of their ohmic and_ polarization 
‘mMponents, the case can be represented by the 
“quivalent network shown in Figure 3A. The effec- 
‘ve resistances R',, R". and R';, R"; are therein rep- 
‘sented by the linked-up values of the linear line 
“sistance and the leakage resistance to the ground. 
*Y teplacing the resistances of the two arms on each 
= by their aggregate values R. and R,, the simpli- 
fd scheme shown in Figure 3B is obtained. The 
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| JUNCTION BONDED 
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Figure 2—Potentials and current discharge at the junction of lines Y-31 
and MG-32. 


TABLE 1—Results of Bonding Test at the Junction of Lines Y-31 
and MG-32 


MG-32 
Bituminous 
Coated 


Cement 
Description Unit Coated 
1. Junction Insulated | 
Metal-to-soil Potential. . .+ 6G mV —205 
Discharge Current Density... .j ma/sq ft — 0,004 
2. Junction Bonded | 
Metal-to-soil Potential. = 92 mV ; —240 
Discharge Current Density. . | ma/sq ft — 0.007 
Current through Bond a amp 1.60 
Change of Potential. . . . Ag —¢ mV — 35 
Instant. Apparent Res.. . ohm | 0.022 








driving voltage appearing therein is given by the 
difference: 

U = Pa — Poi 
of the potentials measured on the two lines before 
the bonding. 

From the diagram it is evident that the ratio of 
the changes of potential produced by the bonding is 
determined by the aggregate apparent resistances of 
the lines: 

Ap 9 Ro 


Age Ry 


In the present example most of the voltage drop took 
place on the 24-inch line, while the potential of the 
cement coated main was lowered only by 17 percent. 

The potential distribution over a bituminous coated 
16-inch branch line permanently bonded to the ce- 
ment coated main is shown in Figure 4. The readings 
were taken in the drought season, when the natural 
ground resistivities down to one foot depth were 
above 10,000 ohm cm, at an underground resistivity 
of 5000 ohm cm. The potential that has been brought 


527t 





CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS Vol.p 


Figure 3—Equivalent circuit diagrams for the junction of lines Y-31 
and MG-32. 


METER ———> 
1200 1600 2000 2400 2800 3200 


Figure 4—Pipe-to-soil potential on bituminous coated branch line GA-33. 


up to —270 mv at the main line tapping (station 
zero) falls off gradually to —420 mv at station 1900. 
From there on it varies within + 15 mv. Six months 
later, after the winter rains, when the resistivities 
dropped to 4000 ohm cm, a potential of —390 mv was 
measured at the tapping point. The main line then 
still picked up 0.015 ma/sq ft, while the branch line 
discharged 0.004 ma/sq ft at the tapping. 

Similar conditions arise when an_ intermediate 
length of steel line is coated with cement mortar to 
protect it from aggressive soil. The corrosion cur- 
rents are thereby reduced in strength and diverted 
to the adjacent bituminous coated sections. The lat- 
ter sections turn into an anode supplying the drain- 
age current for the cement coated length unless in- 
sulating joints are inserted. 

The fact that the drainage currents supplied by 
the bituminous coated sections raise the protective 
value of cement coating may not have been appre- 
ciated until now. The position could be compared to 
that of a steel main connected to aluminum sprinkler 
lines in a grove, without an intermediate piece of 
rubber hose: The main is then cathodically protected 
by the corrosion currents of the sprinkler pipes. 

In order to keep the whole system on a uniform 
safety level, insulating joints should be inserted at 
all junctions with a different kind of pipe or a dif- 
ferent coating. Intermediate steel fittings must be 
heavily coated or placed in well drained valve 
chambers. 


Seasonal Changes 


Frequent resistivity contrasts are unavoidable on 
water lines, although their route is for engineering 
reasons kept as uniform as possible. These resistivity 
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Figure 5—Subsurface ground resistivity curves for chalky clay soil, 
Code to letters is as follows: A, plowed ground; B, wasteland between 
trees; C, irrigated field. 


differences change with the rainfall and the amount 
of irrigation. 

Subsoil resistivities vary with the geological con- 
figuration, the porosity of each layer, the screening 
effect of the surface, the resistivity of the dry soil 
material and the conductivity of the impregnating 
water. Even in areas of constant surface resistivity 
and evenly stratified underground, entirely different 
resistivities may be encountered at a depth of a few 
feet, owing to individual local features which usually 
are neglected in the geological survey. 

Comparative measurements were carried out down 
to three feet depth in an area of 25 inch rainfall per 
year. This area has a rainless summer season of six 
months and heavy dew at night. It has a ground 
water horizon at not less than 60 feet below ground 
level. Standard Shepard rods were lowered into 34 
inch holes driven to the depth required. A number o! 
readings were taken for each point and the mean 
values thus obtained were correlated. The Shepard 
rods thereby rendered properly localized data which 
could not be obtained by any of the four-pin resis- 
tivity testing methods. 

The graphs of Figure 5 show examples of readings 
taken in 1954 in an area of chalky clay soil, two 
months after the last rainfall. Curves A drawn in 
solid lines were obtained in plowed ground without 
irrigation. They start on the surface at 100 meter 
ohm or more and either remain at the same value 
down to three feet depth (Al) or more or [ess 
rapidly change to smaller resistivities with increas 
ing depth (curves A2, A3). 

Graphs B were obtained on wasteland between 
eucalyptus trees. They are similar to those for the 
plowed field, except the distortion of curve Bl, caused 
by an inhomogeneity under the surface. Case B3 with 
resistivities far above 100 m ohm at all depths, hes 
not been included in the graph. 
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similar soil conditions have been found at greater 


pth. This confirms that the presence of trees does 
aot necessarily indicate increased moisture contents. 
Agricultura! irrigation reduced the surface resis- 


svities from over 100 to less than 10 meter-ohms. 
However, the degree to which the ground moisture 
shes supplied penetrated into the sub-surface layers 
pended on the kind of cultivation and the under- 
sound drainage conditions. While in cases Cl and 
*) the resistivity remained at the low value down 
«) three feet depth, it rose in C3 to 57 meter-ohms., It 
evident that corrosion currents of entire line sec- 
jons are subject to being reversed by such resistivity 
hanges.? Irrigated areas in flat country which are 
ysually anodic, keep the feeders safe during the 
winless season. They may change their polarity in 
winter time, causing a current discharge on the 
main line. 


Bonding and Insulation 


Regardless of local protection requirements, it has 
heen found best to provide continuity bonds on all 
new lines across the flexible couplings and expansion 
joints. The lines are thus kept on the same standard 
and remain suitable for electrical drainage, whenever 
the need arises, 

All branch lines and service connections both on 
steel and reinforced concrete lines are electrically 
insulated to control the varying effects of the irri- 
gation outlets. The trunk lines can thus be left self- 
contained in accordance with ownership rights and 
10 corrosion check-up is required upon joining up 
ofnew consumers, For combined protective schemes 
the insulating joints are bridged over; they still re- 
min useful as gauging points for the drainage 
energy transferred. 

Connections to reservoirs, pumping stations and 
wells must be insulated to prevent accidental contact 
with the concrete reinforcement or the internal 
piping. Standard insulating joints on the line close 
to the structure have been found preferable to insu- 
‘ating lead-in bushings over the pipe. 

Special attention is required at large pumping sta- 
ions in arid areas when the line is used as a safety 
sound for the power wiring. The direction of the 
ine currents is thereby irrelevant, as protective 
wainage currents also can, cause damage, unless all 
metal has been thoroughly bonded inside the struc- 
ture. An insulating link could then be considered for 
mounting on the line, parallel to local electrodes. The 
nk insulation would break down, say at 10 volt AC 
othe ground, similar to certain overvoltage protec- 
ors, But an adequate set of solid ground electrodes 
‘ppears safer and requires less attention. 

Insulating joints are placed in drained valve pits 
with locked concrete covers. Short measuring leads 
a screwed bond-over are brazed on to the pipe ends. 


Additional Protection 
\ 


; Vhen cathodic protection is applied to an irriga- 
‘on scheme, much energy is lost by interference 
with branch lines, In congested areas the use of 
"agnesium anodes may be mandatory even when 
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Figure 6—Underground watering point for galvanic anodes. 


electric power is available, On the other hand water 
supply networks have the advantage that the anode 
output can be raised by watering tapped from the 
protected lines, 

In arid country anodes are placed at greater depth 
and special backfills are used to reduce their spread- 
out resistance. Even so, the moisture contents of the 
subsoil still primarily affects their output. When no 
agricultural irrigation is available the anode beds 
either must be periodically watered by hand or con- 
tinuous subsurface watering from line tappings must 
be applied. In the latter case the installation remains 
concealed and well protected from outside interfer- 
ence; the water consumption is reduced. 

For easier maintenance a central distributing con- 
tainer has been proposed for the watering of a group 
of anodes. A floatless plain dosing device charges the 
container at fixed time intervals, and the water is led 
down by gravity through plastic flexible tubing to 
each of the anodes. Adequate water quantities thus 
are released intermittently to keep the ducts clear. 
One of the outlet tubes as well as the overflow of 
the container is led out at ground surface for inspec- 
tion by line walkers. 

It is suggested that the magnesium anodes be 
lowered into the ground packaged, with their tube 
terminated over a concrete disc inside the bag to 
shed the water (Figure 6). Connecting cables are 
placed in the same tubing for better protection. Elec- 
trical leakage through the water can be eliminated 
by terminating the insulating sleeving far enough 
inside the tube, 

The operating expenses of the above equipment 
are expected to be small as compared with the sav- 
ings in yearly expenditure of the protective system. 
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Rectifier stations can then be operated at a fraction 
of the output needed with the same ground bed in 
dry soil. In cases where self-contained generating 
sets would be required with all their servicing, 
watered galvanic anodes can be installed. Even on 
oil and gas lines where the water supply must be 
paid for, subsurface irrigation may prove more eco- 
nomical than leaving protective anode beds dormant 
through the dry season. 


Internal Corrosion Risks 


With the introduction of prestressed concrete de- 
signs more attention must be paid to questions of 
matching the construction materials. In a prestressed 
concrete water pipe or reservoir, high tensile strength 
steel wires of relatively small cross-sections are in- 
corporated. These wires must be kept safe from in- 
ternal corrosion currents. 

The predetermination of the effects in a prestressed 
concrete structure is more difficult than in the case 
of a pump or valve, because the surface potential of 
the steel depends on its metallurgical composition, 
the heat treatment in the mill and the cold prestress- 
ing process afterwards. The method of tempering or 
annealing a steel wire may, more than its chemical 
composition, change the electrolytic properties. The 
mechanical strain imposed on it varies with load and 
temperature, and may thus become a source of direct 
stress corrosion effects. The amount of scale or rust 
accumulated on the steel surface is usually unknown, 
No precise data are available regarding the polariza- 
tion process taking place under a cement coating. 

Considering the above variety of influences, accel- 
erated corrosion tests cannot be relied upon, The 
only safe procedure is to see that all components of 
the reinforcement are taken from the same supply 
batch and kept as much as possible under equal 
stresses. Heterogeneous components or those in dif- 
ferent disposition must be completely separated by 
a concrete layer of adequate thickness. Intermediate 
links such as connectors between two different kinds 
of reinforcement, anchor loops of different material 
or mild steel ducting for bunched steel wires must 
be eliminated. Insulating sleeves or connecting 
sockets should be thoroughly tested. No piping, elec- 
trical conduit or brackets should be cemented into 
the walls. Every “saving” in the above precautions 
may endanger the whole structure. 

When a special cement has been specified for 


aggressive environments, it pays to standardize and 
to apply the same cement to all the components in- 
volved—even in cases where its use is not essential. 
has been coated with 
special cement, for example, the same cement could 
be used for the plastering of the joints, the valve pits, 


On a concrete line which 


and supporting blocks. This is done in order to avoid 
any chance of differential corrosion effects. 


Cement Skin 
The protective value of a cement coating depends 
on the composition and the consistency of the mortar. 
A pure cement layer applied in the form of a slurry 
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spray over the reinforcement may essentially improve 
the quality of an otherwise weak coating. 56 

Cement mortar cubes have a poor insulating re. 
sistance unless they are perfectly dry, At the maxi- 
mum permissible water absorption of 8 percent by 
weight they conduct electricity. The protective prop. 
erties of the coating are due primarily to the electro- 
chemical process taking place in the alkaline film 
surrounding the steel surface. The steel thus assumes 
solution potentials which are more positive than 
when in direct contact with the soil. When additional 
amounts of moisture penetrate and a galvanic circuit 
develops, polarization voltages build up which op- 
pose the current flow. 

In anodic areas, when current is discharged, iron 
oxides are produced in the incipient corrosion process, 
No reddish brown ferrous hydroxides are then 
formed as in direct contact with water, but the prod- 
ucts are absorbed by the cement and thereby trans- 
formed into a gray-black compound. This dense and 
hard cement compound, saturated with iron oxides, 
forms a continuous layer over the reinforcement. 
This layer is much like a “skin” which is equivalent 
to the surface film on passivated metals, This skin 
is to a high degree impervious to water and gases 
and builds up gradually under influence of small 
discharge currents. The self-restoring properties of 
this impregnated cement layer are responsible for 
the intrinsic protection of the reinforcement. 

Inadequate thickness and lack of uniformity of the 
pure cement layer are usually the cause of insulation 
failures. This can be observed within a few weeks 
after application of the coating when old scale and 
rust stains of the steel bars are not properly absorbed 
by the cement, On buried pipes the galvanic open 
circuit potential of the steel then shifts away from 
the noble end, and reddish brown rust stains appear 
as a corrosion product rather than the black skin. 
In soils aggressive to Portland cement (e.g., soils 
with high sulfate contents), special cements or a pro- 
tective bituminous coat over the mortar are required. 
Accelerated corrosion tests must be carried out with 
impressed stray current potentials, as mere immer- 
sion tests or a salt spray test do not reproduce the 
conditions prevailing in the ground. 

Samples taken from a test case with highly absorp- 
tive coating have been investigated. Figure 7 shows 
the coating from an anodic area chiselled off the 
reinforcement wires. The gray-black layer in the 
rills formed part of the protective skin. It consists ol 
hard iron-oxide compounds which are just wetted 
in contact with water, while in the remainder of the 
mortar water spreads rapidly. With the building-up 
of the black layer the open circuit potential of the 
pipe became more negative. The driving emf ot the 
corrosion circuit was thereby increased and it became 
necessary to press more current through. However, 
with growing thickness of the skin the access of OX)” 
gen to the steel surface was blocked and the corrosion 
process retarded, until a state of equilibrium was 
reached. 

Another sample illustrates the result of inadequate 
cement contents at the steel surface (Figure 8). The 





October, ] 





Figure 7- 


rills of 
\py-inck 
pounds 
traces ¢ 
gray-bl 
in the 1 
the abst 

In th 
patches 
of the 1 
colored 
remove 
the dar 
rigina 
layer | 
into it. 
interme 
the reir 

The 
portanc 
mental 
the for: 
ieveloy 


A co 
lems ¢: 
continy 

For 
been a 
duets. ; 
coneret 
teinfor: 

Ina 
tact be 
probler 
structy 
me sir 
derivec 
if the | 


Vol. 12 
prove 


ge re- 
maxi- 
nt by 
prop- 
ectro- 
= film 
sumes 

than 
tional 
‘ircuit 


h op- 


, Iron 
ocess, 

then 
prod- 
trans- 
e and 
xides, 
ment. 
valent 
> skin 
gases 
small 
les of 
e for 


»f the 
ation 
veeks 
2 and 
orbed 
open 
from 
ppear 
skin. 
soils 
{ pro- 
ured. 
with 
1mer- 
e the 


sorp- 
hows 
f the 
| the 
sts of 
etted 
f the 
\g-up 
f the 
f the 
came 
ever, 
Ox) 
sion 


Was 


juate 


The 


( \ctober, 1956 


Figure 7—Cement coating removed from anodic section of steel re- 
inforcement. 


rills of the reinforcement bars were covered with a 
inch thick gray-white layer of soft lime com- 
junds which were precipitated from the mortar, The 
traces of the wire netting on top of the sample were 
sray-black as the netting there was embedded deeper 
in the mortar. The white layer did not participate in 
theabsorption process of the cement. 

In the left hand top corner of Figure 8 pronounced 
patches of red-brown rust appeared in the rills. Most 
ithe rills on the right hand side were also slightly 
wlored by traces of rust. The soft layer has been 
removed from the rills on top of the sample to show 
the dark iron-oxide skin underneath. The rust stains 
riginating from a galvanic attack after the black 
ayer had already been formed, did not penetrate 
ito it. The corrosion process advanced only in the 
intermediate space between the protective skin and 
the reinforcement. 

The above examples clearly indicate the basic im- 
portance of the mortar quality. Systematic experi- 
mental research on the absorption process leading to 
the formation of a protective skin will enable further 
evelopment of the cement coatings. 


Nonconductive Pipe 


A complete solution to all exterior corrosion prob- 
‘ms can be attained only by using electrically non- 
ontinuous pipe, 

For very low pressures cement asbestos pipe has 
een applied successfully. For large diameter aque- 
ucts at low pressures new types of prestressed 
oncrete pipe are available with circumferential steel 
tinforcement and without metal to metal joints. 
In a reinforced concrete line without metallic con- 
‘act between the individual pipe lengths all corrosion 
itoblems are reduced to those of a plain concrete 
‘tucture. Each corrosion circuit is then confined to 
ie single pipe length, so that the potentials can be 
‘tived only from the galvanic action between parts 
the same pipe. These potential differences are neg- 
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Figure 8—Effect of inadequate cement contents over the reinforcement. 


ligible compared to the aggregate voltages appearing 
on a pipe line. 

Therefore they can be easily overcome by proper 
design and matching of materials. 


Water Treatment 

While cathodic protection is available against 
eventual exterior corrosion attacks, interior corrosion 
of water supply mains can be eliminated only by 
preventive means, 

Reinforced concrete pipe is considered safe because 
of its inner wall thickness. In pipes with a steel cylin- 
der, leakage water from the inner joints remains 
harmless because it is trapped under the steel sheet- 
ing without access of oxygen. Only in case of a 
puncture could the steel cylinder be attacked from 
the inside. 

Water treatment by aeration has been applied suc- 
cessfully to steel pipe. The contents of aggressive free 
gas such as carbon dioxide are thereby controlled, 
so as to check corrosivity and to facilitate the depo- 
sition of a protective calcium carbonate layer, Exces- 
sive thickness of the deposit must be avoided to keep 
the pipes and gauges clear. The amount of aeration 
required is pre-set by adjusting the air flow in ac- 
cordance with the indications of pH meters. The 
plants are operated automatically at unattended wells 
and pumping stations. 


Conclusions 
. Full coordination of the preventive measures is 
required for adequate protection. 
. Cement coating forms a self-restoring skin that 
intrinsically protects the steel surface. 
. Irrigation outlets, different pipe sections and 
auxiliary structures must be insulated from the 
main line. 


. Ground bed watering from the mains facilitates 
electrical drainage when required, 
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. Separation or matching of heterogeneous ma- 
terials is essential for prestressed concrete pipe 
and structures. 


. Electrically noncontinuous pipe can be kept safe 
in all environments. 


. Interior corrosion of steel pipes is controlled by 
water treatment. 
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Effect of Sulfide Scales on Catalytic 
Reforming and Cracking Units* 


A Contribution to the Work of NACE T-5B-2 on Sulfide Corrosion 
At High Pressures and Temperatures in the Petroleum Industry 


Part 1—Metallographic Examination of Sam- 
ples From a Catalytic Reforming Unit 


HE FACT that high temperature sulfide attack 

on steel components in catalytic reforming equip- 
ment differs from sulfur corrosion found in certain 
other refinery processing units has been well estab- 
lished. Metallographic studies have shown an en- 
tirely different mode of attack which is believed due 
toa combination of the following factors: 


l.Handling of an entirely gaseous hydrocarbon 
phase, whereas other processes usually handle 
mixed liquid-vapor phases. 

. Presence of substantial quantities of hydrogen sul- 
fide, whereas in other processes a large portion of 
the total sulfur is present as organic compounds. 


3. The presence of large quantities of hydrogen gas, 
whereas other processing units contain none or 
relatively little hydrogen. 


High metal losses in carbon and low alloy steels 
accompanied by extensive iron sulfide scale forma- 
tion has been the pattern in the catalytic reformer 
reactors, reheat furnaces, transfer lines and effluent 
exchanger equipment. Metallographic studies have 
revealed certain extremely interesting microstruc- 
tural aspects of reformer corrosion which are perhaps 
the key to the surprisingly high corrosion rates 
reported. 

Every reformer sample examined which came from 
asection of the unit downstream from the first reac- 
tor exhibited the characteristic scaling accompanied 
by an unusual intergranular sulfide penetration ex- 
tending several grains deep. Photomicrographs are 
presented to illustrate the difference between this 
boundary attack and that experienced on the feed 
preheat section of the reformer as well as on other 
Process units. 

Figure 1 shows the inside edge of a carbon-moly 
steel reformer feed preheater furnace tube which 
operated at 950 F maximum metal temperature for 
several months. Although there was some metal loss 
during the exposure, the loss was general and scaling 
was light. This photomicrograph is representative 
lor the feed preheat section of the reformer as well 
’s those expected in such operations as thermal 
tracking, crude distillation, propane deasphalting and 


e—_—_ 


= E. L. Hildebrand, Humble Oil & Ref. Co., Baytown, Texas. 
M. E, Holmberg, Houston, chairman. 


Abstract 


Part 1—Carbon steel downstream from first reactor 
of catalytic reforming unit showed unusual inter- 
granular sulfide penetration. 1% Cr %% Mo plate 
steel from first effluent exchanger handling reactor 
effluent showed heavy corrosion damage. A theory 
of attack by H.2S-H: is postulated: Hydrogen gas 
penetrates, attacks iron carbide in pearlitic phase, 
resulting in decarburization. Methane gas formed 
from decarburization creates small intergranular 
rifts. Hydrogen sulfide gas enters voids and sulfida- 
tion of ferrite grains begins. Corrosion products 
force grains out of surface layer. Greater area thus 
created adds to corrosion rate. High temperature 
hydrogen sulfide-hydrogen corrosion is an _ inter- 
granular progression. 


Part 2—A fluid catalytic cracking unit which went into 
operation in 1942 suffered failure of 18-8 Cr-Ni 
steel lines from intergranular corrosion. Camp and 
Phillips showed this was due to action of moist 
sulfide scale during downtime. A spent catalyst 
hopper and stripper lined with reinforced castable 
refractory after some 50 cracks were found in a 
scheduled downtime, was found to be cracked around 
virtually every welding stud and scab patch. This 
Type 347 columbium-stabilized stainless steel had 
both intergranular and transcrystalline cracks. A 
procedure is recommended to prevent sulfide scale 
hydrolysis corrosion from attacking 18-8 furnace 
tubes. This involves filling tubes with oil or oxygen- 
free steam or filling tubes with a weak alkaline 
solution during downtime. 8.4.3 


similar processes where sulfur corrosion is encoun- 
tered, Figure 2 shows the effect of exposure of car- 
bon steel to reactor conditions in the same unit, A 


Figure 1—Representative of carbon steel undergoing conventional high 
temperature sulfur attack, Removed from the feed preheat furnace 
ahead of the reactors, there is a distinct difference in the method of 


surface attack as compared to the following illustrations. 100X. 
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Figure 2—Representative of carbon steel exposed to platinum catalyst 

reformer reactor conditions for 6 months, Note the intergranular sulfide 

penetration. Sample was probably low carbon (0.10% C) but evidence 
of additional surface decarburization existed. 100X. 


a 


Figure 3—This 1% Cr, %2% Mo sample was removed from the outlet 
nozzle of an effluent exchanger handling reactor products at 750 F. 
Note the intergranular sulfide penetration and preferential attack of 
pearlitic areas. Observe also detached ferrite grains in the scale, 200X. 


comparison of Figures 1 and 2 shows intergranular 
penetration in Figure 2. 

Figure 3 illustrates the attack on 1% Cr, 4% Mo 
plate steel. This sample was removed from the inlet 
nozzles of the first effluent exchanger handling re- 
actor effluent. Note 1) the free ferrite grains in the 
scale layer, 2) the intergranular sulfide penetration, 
and 3) the preferential attack on the iron carbide- 
bearing pearlite phase. Figure 4 is representative of 
the internal surface attack ona 1-1% % Cr, % % Mo 
reheat furnace tube at a temperature of approxi- 
mately 950 F. This material is corroded in a manner 
similar to that shown in Figures 2 and 3. 

While the mechanism of high temperature H.S-H, 
corrosion is not definitely established, it is postulated 
that hydrogen in the corrosive gas penetrates the 
steel and attacks the iron carbide in the pearlitic 


Figure 4—The above photomicrograph is representative of the inside 
surface of a 14%4% Cr, 2% Mo reheat furnace tube after exposure at 
950 F metal temperature. Although this tube may have contained some 
surface decarburization from manufacture, it exhibits the same type of 
carbide disintegration and intergranular sulfide penetration, 


phase, resulting in decarburization. Methane gas 
formed from the decarburization of the steel collects 
in subcutaneous high pressure gas reservoirs creating 
small intergranular rifts or cracks. As these reser- 
voirs rupture through the grain boundaries to the 
corroding surface, hydrogen sulfide gas is permitted 
to enter the voids and sulfidation of the ferrite grains 
begins. As sulfidation proceeds, the corrosion prod- 
ucts formed occupy greater volume than the metal, 
thus forcing the grains out of the surface layer. The 
greater surface area exposed by the dislodged indt- 
vidual grains, as compared to the original metal sur- 
face, greatly increases the corrosion rate. It is assumed 
in the above that intergranular corrosion proceeds 
simultaneously with scale formation. 

The same general type of intergranular attack was 
observed on 5 % Cr, % % Mo steel, Carbide disper- 
sion of the higher chrome steels becomes globular 
particles in the grain boundaries, Carbide areas are 
less extensive because of lower carbon content nor- 
mally found in these steels, but the mode of attack 
is similar. The decarburization of carbon steels at the 
temperatures and pressures under consideration 1s 
well known. It is possible that the more stable car- 
bides are affected through the assistance of cataly- 
zers or activators. 

In conclusion, these studies indicate that the mech 
anism of high temperature H.S-H, corrosion is af 
intergranular progression, while “conventional” sul- 
fur corrosion is not. Considerable research would be 
required to isolate and evaluate the effects of each 
variable influencing catalytic reformer corrosion. 
Such work is outside the scope of normal metallurgr 
cal laboratory procedures, but should be coordinated 
with metallographic studies. Specimens which tf 
ceived various surface treatments and heat treat: 
ments (to provide different microstructures) showe? 
sufficient difference in corrosion rates when exposed 
to pilot unit conditions simulating reformer cond 
tions to stimulate interest in further testing of ths 
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sort. It is believed that an earnest 
research program of this nature 
might shed light on the problem. 


Port 2—Integranular Corrosion 
of 18-8 Cr-Ni Steel as a Re- 
sult of Hydrolysis of Iron 
Sulfide Scale 


FLUID CATALYTIC crack- 

ing unit, which went into op- 
eration late in 1942, contained con- 
siderable quantities of 18-8 Cr-Ni 
steel, Large diameter lines made of 
1-8 plate were equipped with car- 
bon steel wear plates to prevent 
erosion of bends, etc. Within a few 
months after operation began, sec- 
tions of lines failed because of in- 
tergranular corrosion. The first 
example of intergranular corrosion 
occurred in the 18-8 steel under 
carbon steel wear plates. Work 
done by E. O. Camp and C. Phillips 
in 1943 showed that the stainless 
steel failed as a result of a corrosive 
medium which was created from 
moist tron sulfide scale during 
downtime periods. Stressed horse- 
shoe type specimens of 18-8 plate 
irom the lines exposed to moist iron 
sulfide scale from the wear plates 
cracked within a few days at am- 
bent temperatures. Cracks devel- 
oped in this manner were identical 
to the ones on the unit. It was con- 
cluded that oxidation and hydrol- 
ysis of the sulfide scale during 
downtimes resulted in acidic media 
of low pH which attacked 18-8 
steel and caused cracking. When 
carbon steel wear plates were re- 
placed by carbon steel reinforce- 
ment and castable refractory, fur- 
ther experience showed that iron 
sulfide formed on the reinforcement 
was sufficient to cause cracking of 
the stainless steel 


In June, 1951 following a sched- 
wled downtime some 50 individual 
‘racks occurred in a spent catalyst 
hopper and stripper. This vessel 
nad operated previously with ex- 
‘ernal insulation, but at the previ- 


TECHNICAL COMMITTEE ACTIVITIES 


Figure 1—Scab patches applied to exterior of 18-8 Cr-Ni spent catalyst hopper and stripper to 
stop leaks after downtime. 


Figure 2—Inside view of section from vessel showing cracked stud welds (encircled). Note also 
outline of scab patches. 


°us downtime had been lined with reinforced cast- around virtually every welding stud supporting the 
able refractory, Scab patches were added over the reinforcement and around the periphery of the scab 
‘racks on the exterior of the vessel (See Figure 1) patches. This particular vessel was Type 347 colum- 
and after much difficulty the unit was returned to bium stabilized stainless steel, but contrary to nor- 
“vice. During the following downtime the catalyst mal conception of cracking in the stabilized grades 
hopper and stripper were replaced. Figure 2 shows of stainless, many of the cracks around the studs 
the interior of the vessel after the castable refractory were intergranular. Other cracks were predominantly 
ind reinforcement were removed. Cracks were found transcrystalline or an admixture of intergranular and 
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Figure 3—Close up of cracked shell at a stud weld. Note how crack follows stress pattern in the 
metal. Also note pitting of the 18-8 in area of low stress away from stud. 


transcrystalline. Figure 3 is a close up of the area 
surrounding a stud weld, Cracks almost completely 
circumscribed the studs and other cracks radiated 
from the initial cracks, Note the pitting on the steel 
surface a short distance from the crack, 
Intergranular corrosion of the 18-8 Cr-Ni grades 
of stainless steel is a problem of much concern to the 
users of this material. Expensive equipment may 
fail suddenly and unexpectedly by the formation of 
numerous hairline cracks which follow the crystal 
grain boundaries. Early investigators discovered that 
two factors invariably were associated with the fail- 
ures. First, precipitation or migration of chromium 
carbides to the grain boundaries was always evident 
on microscopic examination and secondly, corrosion 
of the chromium-impoverished areas adjacent to the 
grain boundaries occurred in aqueous acidic media. 
Intergranular corrosion in stainless steels often can 
be avoided by solution annealing at 2000 F followed 
by rapid cooling. Operation or heating in the 800 to 
1500 F range, known as the carbide precipitation 
range, then must be avoided. Exposures of five min- 
utes or less in the 1200-1250 F range can reprecipitate 
carbides in susceptible steels. A structural change is 
quite apparent on sensitized stainless steels. Globular 
precipitated carbide may be distinguished easily in 
the grain boundaries by microscopic examination. 
Transcrystalline cracking of the austenitic grade 
of stainless steel also can be a serious problem. The 
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mechanism of transcrystalline 
cracking is not easily explained, Ip 
some instances both intergranula; 
and transcrystalline cracks may be 
observed in the same specimen, 
Frequently such cracks start by an 
intergranular penetration of a few 
grains, followed by a transcrystal- 
line progression through the mate. 
rial. Fully annealed unstabilized 
18-8, the stabilized grades such as 
the titanium-bearing Type 321, or 
the columbium stabilized Type 
347 all are susceptible to trans. 
crystalline cracking in certain me- 
dia when under high stress. 


Although not normally a prob- 
lem with fired furnace tubes in the 
conventional refinery processes, 
there have been several recorded 
instances in the petroleum industry 
where 18-8 Cr-Ni catalytic reformer 
tubes failed from intergranular cor- 
rosion following downtimes. It is 
not known definitely that the sul- 
fide scale associated with these 
processes oxidized and hydrolized 
to form an acidic media. If the hy- 
drolysis did produce an acidic 
media, the sulfide scale may have 
been formed on the tubes or may 
have been carried in from other parts of the unit con- 
structed of less corrosion-resistant materials. 

It is believed that special precautions and proce- 
dures for handling 18-8 furnace tubes during down- 
times can prevent intergranular corrosion resulting 
from hydrolysis of iron sulfide scale. This assumption 
is based on the premise that 1) oxidization and hy- 
drolysis of iron sulfide cannot occur while the tubes 
are filled with oil or oxygen-free steam and 2) that 
intergranular corrosion will not occur if there is ao 
alkyline substance available to neutralize any acid 
formed. 

It is believed that the following procedure is 4 
practical solution to this problem. Furnace coils 
should be steamed out in the conventional manner 
and steaming should be continued until the 184 
tubes and lines are filled with a weak alkaline solu- 
tion. A 3 percent sodium hydroxide solution or a»? 
percent soda ash solution is considered suitable. 
When mechanical work requires draining the tubes, 
exposure to air should be permitted no longer than 
required and the tubes should be refilled with alka 
line solution for pressure testing, It follows that the 
alkaline material in the tubes should be thoroughly 
flushed out with fresh water immediately prior © 
coming on stream, This procedure should minimuz 
the danger of intergranular corrosion of 18-8 furnact 
tubes and at the same time should impose minimum 
additional work load on process and mechanical forces 
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Aluminum Versus Fuming Nitric Acids* 


A Report by NACE Task Group T-5A-5 
On Corrosion by Nitric Acid* 


Introduction 


NE OF THE PROBLEMS presented to Task 

Group T-5A-5 at a meeting in 1955 was the 
rapid corrosion of welds in aluminum pipe in boiling 
98 percent nitric acid. In one case cited, the pipe was 
6061 aluminum welded with 4043 aluminum welding 
rod. Heliare welds corroded to a lesser extent but 
the rate remained excessive, When 3003 pipe was 
used with 1100 welds, the corrosion attack on the 
welds was drastically reduced. R. L, Horst of Alumi- 
sum Company of America, a member of T-5A-5, 
investigated the problem and reported his findings 
to the committee as follows: 


White Fuming Nitric Acid 

Tests have been reported on the resistance of 
iluminum alloys to boiling white fuming nitric acid. 
\lloy 1060 welded with 1060 wire and alloy 3003 
welded with 1100 wire were exposed for several days 
to gently refluxing acid. Corrosion rates indicated a 
wiform attack on the 1060 with no attack on the 
weld. The 3003 specimen showed attack at or ad- 
cent to the weld bead and a higher uniform rate 
i corrosion, On the basis of these tests and similar 
tests involving other metals, alloy 1060 was selected 
lor equipment exposed to white fuming nitric acid. 
Welding by inert gas processes is preferred in all 
ases to avoid corrosion problems resulting from 
ncomplete removal of flux. 

Other tests reported involved aluminum vs white 
tric acid at 160 F. Several welded alloy specimens 
vere exposed, including 6061 welded with 4043. All 
sowed some degree of attack at the weld, Alloy 
(60 welded with 1060 wire was not included, There 
Was some question regarding weld alloy on several 
ithe other samples. 

Data on white fuming nitric acid at 122 F indicate 
niform corrosion under 20 mpy for a variety of 
welded alloys. No attack at or adjacent to the weld 


kPrepared by R. L, 
Kensington, Pa. 
‘James L. English, Oak Ridge National Laboratories, Oak Ridge, 
senn., chairman. 


Horst, Aluminum Company of America, New 


Abstract 


Tests on welded aluminum alloys with boiling 98 
percent nitric acid show uninhibited white and red 
fuming acid attacks both base metal and zones ad- 
jacent to welds. At 160 F white nitric acid attacked 
several welded specimens, all at the weld. At 122 F 
uniform corrosion under 20 mpy was noted with no 
corrosion at or adjacent to welds. Up to 122 F red 
fuming nitric acid is commonly handled in several 
alloys, while above this temperature knife-line attack 
adjacent to welds was noted on all specimens ex- 
cept 1060 welded with 1060 which showed mild 
etch. As little as 0.1 percent hydrofluoric acid in- 
hibited red fuming nitric acid at 160 F, with 6061 
welded with 4043 showing negligible attack after 
four weeks. Inert gas methods are preferred over 
others to prevent corrosion associated with flux. 4.3.3 


bead was noted, At room temperature, aluminum 
alloys are highly resistant to attack by white fuming 
nitric acid or red fuming nitric acid. 


Red Fuming Nitric Acid 

Service data plus laboratory tests conducted in 
one quart containers, .064-inch thick, cover tempera- 
tures up to 160 F. 

Up to 122 F, aluminum alloys such as 1060, 3003, 
3004, 5052, 5154 and 6061 are commonly used to 
handle red fuming nitric acid. Above this tempera- 
ture knife-line attack adjacent to weld beads has 
been encountered on all these alloys except 1060. 
For example, in uninhibited red fuming nitric acid at 
160 F, a 6061 test specimen welded with 4043 wire 
developed knife-line attack at the weld within four 
weeks. An alloy 1060 specimen welded with 1060 
showed only a mild etch. 

Elevated temperature corrosion was prevented in 
all of the above alloys by the addition of hydro- 
fluoric acid, Red fuming nitric acid inhibited with as 
little as 0.1 percent hydrofluoric acid showed no ac- 
tion on a wide variety of welded aluminum specimens 
at 160 F. In the inhibited acid, attack on 6061 welded 
with 4043 was negligible after four weeks. There was 
no indication of knife-line attack. 


You Are Invited to Take Part in Technical Committee Work 


Exchange vitally important information with engi- 
neers active in your field. Get the advantage of 
the accumulated experience of others and profit 
by it. There is an NACE technical committee in 
your field. Turn to the committee directory in 
CORROSION’s September issue and write directly 
to the chairman of the committee of your choice 


telling him what you can and will do. All NACE 
members are invited to work with the technical 
committees in advancing the cause of corrosion 
control. Committee activities produce direct bene- 
fits to you professionally and help you do your 
job better and easier. 
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PREVENTIVE MEASURES, CA 


Partial protection is also very desirable in many cases in- 
volving poorly coated lines and can be justified by reductions 
in sinking fund deposit factors due to increased pipe life, in 
addition to usual savings in operations. 

Electrical engineers should anticipate that cathodic protec- 
tion will effect savings in other corrosion areas. Power plant 
equipment, cables, substations, docks, ships and other situations 
involving metals in contact with soils and solutions are fertile 
fields for the application of cathodic protection and modern 
techniques of corrosion control 


5.2.1-56 CORROSION CONTROL OF STEEL EQUIP- 
MENT. T. R. B. Watson. Can. Chem. Processing, 37, No. 10, 
16, 48, 50, 52, 54 (1953) Sept. 

Describes causes of corrosion and discusses control by means 
of cathodic protection. 


5.2.1-57 CATHODIC PROTECTION LICKS CORRO- 
SION. L. C. Werkin. Petroleum Refiner, 31, No. 9, 122-124 
(1952) Oct. 

Cathodic protection, a positive, controllable and inexpensive 
method of preventing corrosion. There is real money in reduc- 
ing these losses caused by corrosion-maintenance, replacement 
costs, over-design of equipment, and product losses. Refinery 
management and technical personnel must be keenly aware of 
the creeping inroads of corrosion, and alert to any feasible 
solution to the problem. Table showing cost estimates and 
savings resulting from its use on a large open-box-type refinery 
condenser and a large diameter Dorr clarifier, 9 refs. 


-HODIC PROTECTION OF STEEL. F. 

Jurse, H. C. K. Ison and T. W. Farrer. 
y, No. 40, 972-974 (1952) Oct. 4. 
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TECHNICAL COMMITTEE ACTIVITIES 


New Coatings Committee Has Extensive Scope 


SOUTH CENTRAL REGION TECHNICAL PROGRAM MEETINGS 


Gunter Hotel, San Antonio, Texas Oct, 23-26, 1956 
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Pipeline Coatings and Wrapping Minimum 
Requirements Will Be Based on Statement 


_The statement concerning Minimum 
‘equirements for Protection of Buried 
ripe Lines published in the Technical 
section of this issue of CORROSION 
ill be used by the T-2 task group on 
the subject as a basis for a final state- 
ent on “Minimum Requirements.” In 
the “Minimum Requirements” the task 
soup will not recommend any specific 
ating or coatings. As acceptable rec- 
mmended material specifications and 
‘plication procedures are developed for 
idividual types of coatings these may 
me appended to the “Minimum Require- 
lents” or referred to as being avail- 
dle. Material specifications for pipe 
‘apping materials will be used in the 
‘ame manner. 

Certain T-2 unit committees have been 
“signed the task of preparing recom- 
mended specifications and application 
focedures for coatings and wrappers. 
‘nit Committee T-2G completed a Ten- 
alive Recommended Specifications and 
vactices for Coal Tar Coatings for 
icerground Use that was published in 
“¢ January 1956 issue of CORROSION. 
ut Committee T-2H has completed a 
tnilar Tentative Recommended Specifi- 
ee and Practices for Asphalt Type 
be Coatings which will be published 
“lé near future. Unit Committee T-2] 
‘S tentatively completed recommended 


specifications for various type pipe wrap- 
ping materials. Considerable additional 
work will be done within the committee 
before the wrapper specifications are 
ready for publication. 

Unit Committee T-2C is working on 
minimum requirements for cathodic pro- 
tection. This work is still in the pre- 
liminary stages and a publication date 
cannot be forecast. Unit Committee 
T-2D has completed the first revision of 
its “Proposed Standard Method for 
Measuring Electrical Leakage Conduct- 
ance of Coating on Buried Pipe Lines.” 
The revision will not be published until 
methods for special cases can be estab- 
lished. 

Unit Committee T-2K on Prefabri- 
cated Plastic Film for Pipe Line Coat- 
ing will prepare recommended specifica- 
tions and practices when sufficient data 
can be accumulated on performance of 
plastic films. 

The task group believes it would be 
impossible to specify coating systems 
for all localities and conditions. In fol- 
lowing the statement on minimum re- 
quirements, great care should be taken 
to select coating systems with regard to 
local conditions. Some of the important 


(Continued on Page 80) 


Materials, Equipment, 


Methods and Costs 
Will Be Covered 


Protective Coatings, Equipment, 
Methods and Cost is the name of a 
new NACE technical unit committee 
designated T-6F. It was formed at the 
Group Committee T-6 Protective Coat- 
ings meeting in New York last March 
and recently was approved by the Tech- 
nical Practices Committee. 

The scope of the new committee is: 
To evaluate present methods and equip- 
ment for cleaning, painting, coating and 
lining; to report such 
findings in a form 
which will enable 
maximum use of the 
information includ- 
ing guides for prep- 
aration of specifica- 
tions; to study new 
equipment, methods 
and changes in pro- 
tective coating tech- 
niques and distribute 
its findings in the 
proper manner; to 
gather cost data and 
present it in a form 
suitable for economic 
analysis. 

The group advocating the committee 
said there is a real need for a committee 
which will study and report on cleaning 

(Continued on Page 80) 


Cathcart 


attention 
corrosion engineers 


AT LAST 
Complete Stock 


for your 


Corrosion Test Requirements 


TEST SPOOL 
PARTS 


Monel — Stainless — Tefion 
Nuts — Rods — Plate — Wire 
Insulators 


Certified alloy & plastic test specimens 


CORROSION TEST SUPPLIES CO. 
P.O. Box 4507, Audubon Station 
Baton Rouge, La. 
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Tank Car Cleaning Chart N.E 
ls On T-3E-1 Agenda 


Development of a preliminary chart Cor 
on the cleaning of tank cars to Prevent 
damage to lining or construction ma Hea 
terials will be a major item on th 
agenda of Task Group T-3E-] at the 
group’s meeting in St. Louis next March BS 
T-3E-1 is a_task group on Corrosio; Power 
Control of Railroad Tank Cars under § 5 ° 
Unit Committee T-3E on Railroad Gan: man 0 
rosion. mittee, 

The chairman of T-3E-1 has requeste; sion ( 
that each member of the task group Mr. 
send him a description of the cleaning by Ni 
methods used by the member's company i 
or any other procedure with which he control 
is familiar and for information on any 
mechanical equipment used that might 
be dangerous to the lining. 


New Coatings Committee- 


(Continued From Page 79) 


2 amines , , equipment, treating eecenees applica- 
tion equipment, t s, techni in- 

a new, proven system ter seaeiian af applied coatings to aman 

they comply with specifications for the 

+ e e job, specifications or codes for doing 

longer protection against corrosion — sir, iors of mean 
nificant cost data and present it ina 


form which will be suitable for economic 
analysis. 

The committee will organize during 
the Northeast Region Fall Conference, 
October 15-17, at the Drake Hotel, 


Philadelphia, at 2:00 pm October 15 
Plans to achieve the committee’s aims 


@ HEAVY DUTY MAINTENANCE PROTECTION in severe and work assignments will be made, A 


corrosive atmospheres for structural steel and equipment ex- sudnen een to nominate 
: ermane ; 
teriors. Also used as concrete floor protection. L. L. Whiteneck. Plicoflex, Ieuan 
Angeles, California, chairman of Group 
: A Committee T-6 has asked W. P. Cath- 
4 4 ] 4 J © . J ~ 
BETTER, MORE POSITIVE PROTECTION against entrained cart to accept the chairman 
vapors and splash of solvents, caustics and acids of high concen- committee. Mr. Cathcart has been pres 
tration. Phenoline 305 contains 86% solids and has less solvents, dent of the Tank Lining Corporation t 
: ; : 4 al since its incorporation in 1950. He re- rae 
resulting in non-porous film. Successive coats not required to ceived an AB from Washington & Jef: J Gas_C 
seal porosities—characteristic of thin, low solids materials. erson College, joined Cathcart & Moore Jo! 1-7 
Company, a non-ferrous metal and oe 
” chemical sales company in 1947 and is & ‘e firs 
@ MORE ECONOMICAL PROTECTION because Phenoline 305: still active in the firm. He has been a ‘uring 
pt te lates S life member of NACE since 1950 and is J ‘all C 
° gives 2-3 times onger lite, treasurer of the Pittsburgh Section. He aeRO 
¢ assures greater thickness in fewer coats, eliminating at least has served on several NACE technical _ lrwin 
S committees. Water 
one coat, and J. 
oe . ° ° ° las Co 
eliminates 1-2 recoating cycles, Pipe Line Coatings— ake 
reduces plant shutdown time, since fewer coats are required. (Continued From Page 79) ant 


conditions that should be considered ate J) Coordir 


as : : Ga soil stress, moisture and_ presence o pointme 
(2 4 UMndbited YY Cas chemicals detrimental to wrappers am § Jack \ 
coatings. Lo, By 


WRITE TODAY for Comparative Data Chart 1005 to help you figure The task group also believes it would Commit 


. : be extremely difficult to define an) t Cali 
t . ft. per year of service for any coating system. Also com- 2X ) é = 
eee = Y - condition where cathodic protectidl geles D 


plete details on Phenoline 305. would not be necessary to provide ade- B the ung 
quate protection. The cathodic protec § and cor 
tion required will be determined by Bf ing fro 
the adequacy of the coating system em § and co; 
: Kg ployed. In the case of pipe that has beer lepartn 
other leading cities. coated with multiple coats of good coat B26 year 

ing system, the current required to Pf @ i elect 
A Division of Mullins vide adequate cathodic protection W! iS a me 
Non-Ferrous Castings Corporation be small and the cost for installatio t Eleet 


@ 
€ q r ie @ i g Rr & will be nominal, In any case, however -athodi 
the Cor 


- pe the committee believes cathodic protec 
C O M P A N 7. Spoctatte® 4 tion is essential to provide adequate Pf § chemica 
in Corrosion Resisting tection and that the cathodic protect? tons, H 
Synthetic Materials should be applied immediately after #° fF Commit 
327 Thornton Ave., St. Louis 19, Mo. pipe is installed. He h: 


SALES OFFICES in New York, Philadelphia, Detroit, Chicago, Houston, Los 
Angeles, San Francisco and 
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° ° since 1945 and has held the following Mr. Dorsey is the corrosion engineer 
art N E. Coordinating offices: Program chairman of the West- of the Southern California Gas Com- 
f ern Regional Division in 1947, chairman pany. He holds a bachelor’s degree in 
itt / of the Western Regional Division in electrical engineering and is a registered 
: Comm! ee iS 1948, NACE director representing the professional engineer in California. He 
ure i K II wee Division for ae has been a in corrosion 
: a years, -1951; corrosion correspond- »yrevention work since f 
tion ma- Headed y e ogg ent for CORROSION count malian the 
ca e a Ni Mohaert power industry from 1948-1949; chair- 
% Andrew Kellogg, Niagara Mohaw man of Technical Practices Committee 
: March pie Corporation, Syracuse, New York TP-16 on Electrolysis and Corrosion of Write for Information 
om has accepted appointment as vice-chair- Cable Sheaths which was organized in about the NACE 
rs under man of NACE Technical Unit Com- 1950 and a member of the Editorial Re- 
oad Cor- mittee T-7A Northeast Region Corro- view Sub-Committee since 1953. He Abstract Punch Card 
son Coordinating Committee. served as vice-chairman of Group Com- 
aa Kellogg for 12 years employed mittee T-4 on Corrosion in the Utilities 


vi a Mohawk Power Corpora- : e se 
cleaning pamewe NO : i Industry in 1954 and 1955 and currently save time in 
. tion isa project engineer on corrosion 


been ay il control. He was graduated from Syra- '§ chairman ol Group Committee [4 
which he and Unit Committee T-4B on Corrosion 
1 On any of Cable Sheaths. 

at might 


requested Service. Learn how to 
k group 


literature searches. 


ttee- 


79) 42 te ve 

_applica- ee Ls 

nique, in- " Pe F IL 
nake sure a 

s for the ‘ a 
or doing 0 on 


rials and : » 
ome sig- : —— ? r 3 
t it in a ee «ee ® Coating jobs in this part of the 


— cuse University in) Bo | _ country are on a Paul Bunyon 
fe during 1949 with a bachelor scale—and the coal tar enamels 
nference, mm of mechanical engi- : have to do a giant-size job. 


e Hotel a " neering degree. He - . 
tober 15. om «Cass:«s the “first chair- That’s why Harry Holstrum is 


ee’s aims } man of the NACE pretty busy in Minneapolis sell- 


made, A @ Central New York § a ing Reilly Coal Tar Enamels— 
a wy = SsSection and was in- but not too busy to talk to you. 
Ine. tae ag - strumental in the 
of Group = section’s organiza- 
P. Cath- : tion. He is a mem- : 
ip of the . ber of ASM E as : N, DAKOTA 
een presi- s well as of NACE. MINNES 
yrporation Dorsey C, A. Erickson, 
). He re- E The Peoples Natural 
n & Jeff § as Co. Pittsburgh, Pa. is chairman 
& Moore i T-7A pee _vice-chairman of Group Wn, S. DAkor, WISCONSIN 
ietal and Committee.’ T-7. Mr. Erickson announced : 
47 and is § ‘ue first beeing of T-7A will be held 
1s been a ® ‘uring the NACE Northeast Region Re dpe TT 
0 and is § ‘all Conference in Philadelphia on the uo 
ction. He J aternoon of October 15. 
technical Invin C, Dietze, Department of 
Water . Power, Los Angeles, California 
and J. S, Dorsey, Southern California » 3 Yn 
Las Company, Los Angeles, California ll +. LOTT 
ave been appointed chairman and vice- F200: ' : : 
79) ‘airman respectively of Unit Commit- J ae — Harry Danz has discovered 


T-7E Western Region Corrosion | Ge ° ° 
3 5 aren _ 7 4 is friends, old a 
idered are FC Gtieetine Committee. These ap- oo that his frie ? nd 


esence 0! § pomtments were announced recently by Cr he Rew, know that ordering 
pers and Jack M. Fouts. New York Telephone Se: ne Reilly Coal Tar Enamels 
lo, Buffalo, N. Y. chairman of Group 7 means deliveries when 


; it would Committee T -7. Mr. Dietze is a native 9 ri 
ef a né they’re wanted...as they’re 
efine am) t california, He joined the Los An- y y 


otection I cles Department of Water & Power in | see wanted. Harry also finds 
vide ade BH the underground section of the design | SO inaiee s that his customers are sold 
ic - and construction division after graduat- eee bok on Reilly products from 


mined | oe Ay tom the University of California : the start for their top qual- 
ystem em § and completes his 31st year with the . * 

t has bee “partment this year. During the last 7 i: ity looks and superior per- 
good coat BH 26 years he has been actively engaged oe ma 9 D formance records. 

ed to pro @ electrolysis and corrosion work. He 

ce ae of the American Institute 

nstallatior ectrical Engineers and of the AIEE Pores ° ° 3 
Thowere’ I Cathodic Protection. Sub-Committee of | MC ae ee Cee CC 
lic — ‘e Committees on Chemical, Electro- ; MERCHANTS BANK BUILDING, INDIANAPOLIS 4, INDIANA 
quate pr chemical and E lectrothermal applica- z 
protection tons, He j is chairman of the E lectrolysis “3 Sales Offices in Principal Cities 


the 


after t “mmittee of Southern California. 
He has been a member of the NACE 
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OTA gg 
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DANGER 
AHEAD! 


ee Experience can 
keep you out of trouble 
in fighting corrosion, too. 


Why gamble with “unknown quanti- 
ties’ when it comes to protecting 
pipe, pipe joints, couplings and other 
vulnerable surfaces above and below 
ground? 

Since 1941, TAPECOAT, the qual- 
ity coal tar coating in handy tape 
form, has demonstrated its ability to 
withstand corrosion year after year. 
In case after case, TAPECOATed 
lines have been dug up after 10 years 
of service with no signs of deterioration 
on the pipe surfaces uncovered. That’s 
why TAPECOAT is specified by those 
who know that continuing protection 
is the first consideration. 

Everything considered, you'll be 
money ahead by using TAPECOAT to 
give you the quality protection you 
need for reduced maintenance and 
replacement cost. 


Write for brochure and prices. 
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Research on mechanisms, systems and 
techniques are recommended by a task 
group on Suggested Research for Uni- 
versities operating under Unit Commit- 
tee T-3B on Corrosion Products. The 
task group issued the following sugges- 
tions: 


Mechanism Studies 


. Study of the mechanism of inhibition. 

. Study of porosities of scales and cor- 
rosion products. 

3. Study of the mechanism of diffusion 
of ions through metallic oxides giv- 
ing consideration to ion size, lattice 
characteristics and other pertinent 
factors. 

4. Study of the fundamental factors re- 
lating to the specific corrosive action 
of chlorides. 

5. The determination of bonding energy 
(oxide to metal) and cohesive energy 
(oxide to oxide) of oxide films on 
metal. 

6. Determination of the effect of sulfide 
and chloride ions in trace quantities 
on the physical properties of oxide 
films. Do these ions diffuse into the 
oxide lattice and alter the defect 
structure, or do they penetrate and 
damage the film by cracking? 

. Study the role of hydrogen on the 
growth of oxide films when metals 
react with water. Do water or the 
hydrogen molecules act as catalytic 
agents? 

8. Study effect of alloying additions on 
the resistance of aluminum alloys to 
intergranular corrosion in super- 
heated water. 

9. Study of the mechanism of pitting 
of aluminum alloys by some natural 
waters with identification of the main 
aggravating factor. 

10. Study the effect of copper, zinc and 
magnesium on the composition and 
mode of formation of thin oxide films 
on aluminum alloys. 

11. A study of the role that the follow- 
ing play in influencing the rate of 
growth, the structure and orientation 
of the oxide films that form on a 
metal when it is either exposed to 
dry gases or to aqueous solutions: 
a) the crystallographic orientation of 
the surface, b) dislocation concen- 
tration, c) strain, d) presence of 
different constituents in the metal, 
and e) presence of minute quantities 
of impurities on the metal surface. 

12. A study of the influence of the nature 
of oxide films in the solution poten- 
tials and polarization characteristics 
of metal surfaces, both polycrystal- 
line surfaces and single crystalline 
surface of different crystallographic 
orientations. 

13. Study of corrosion products on some 

particular metal, this would include 

review of the literature, confirmation 
of existing identifications and the 
identifying of other products found. 


Kio 


NI 


14. Preparation of a bibliography of ref- 
[> [3 COA ® erences to the synthetic preparation 
of compounds found in industrial cor- 


Oye ure leoes 
of 
Coal Tar 


Coating in 
fel) git) 


1521 Lyons Street 
Evanston, Illinois 








rosion deposits. 


Study of Systems 
1. Make a study of corrosion products 
associated with the iron-sulfur sys- 
tem. This should include single and 
multiple corrosion products—their 
solubility, electrical resistance, etc. 
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Corrosion Products Unit Committee Suggests 
Long List of Projects Suited for Research 
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2. Phase diagram studies of sodium 


sulfate-vanadium pentoxide-iron ox. 
ide and sodium sulfate-vanadium 
pentoxide-chromium oxide ternary 
systems. f 
3. Phase diagram studies of single and 
multiple corrosion products Starting 
with the oxides, basic oxides, ete, 
after the manner of Feitknecht of 
Switzerland. The solubility of such 
systems should also be studied as 
well as their electrical properties, 
4. Development of inhibitors that can 
be used at elevated temperatures, 


Techniques 


1. Pilot studies should be made of the 
possibility of using techniques such 
as thermal luminescence, differential 
thermal analysis, density analysis and 
traces in the study of corrosion 
products. 

Field spot tests should be developed 

for the identification of corrosion 

films and tarnish type discolorations, 

. Approved sampling techniques should 
be developed for the collection of 
field samples for subsequent identif- 
cation. 

4. Radiochemical techniques should be 
applied to corrosion problems, ie, 
the effect and mechanism of radio- 
activity on corrosion behavior, elec- 
trochemical studies, etc. 

. Development of techniques to dis- 
tinguish between different corrosion 
products having very similar x-ray 
or electron diffraction patterns; line 
broadening and search for lines in 
the back reflection region have beer 
suggested. 

6. There is a need for the development 
of new techniques in the study of 
crystal structure of corrosion prod- 
ucts and of the composition and 
physical structure of oxide and other 
corrosion films. ; 

7. Techniques should be developed tot 
the measurement of the electrical re- 
sistance of corrosion product films 
on metal surfaces. ONC. 

8. Techniques for the determination 0 
the porosity of corrosion product 
films on metal surface should be de- 
veloped. ae 

9. Development of techniques to inhibit 
stress corrosion cracking by cathodic 
protection would be highly valuabl 

10. The development of techniques tor 
the application of cathodic protectio! 
to metals for use in severe environ 
ments at elevated temperatures. _ 

11. Development of better techniques !0f 
making electrochemical measure- 
ments on metal surfaces while rigidly 
controlling surface cleanliness ant 
the nature of the surrounding et 
vironment. 

The report has been submitted to the 
NACE Committee on Research that wa 
created by the NACE Board of Direc 
tors in March of this year. All NACI 
technical committees have been & 
couraged to submit a list of sugsesi® 
topics for research to the research com 
mittee. 


bo 
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During the decade 1945-54 Corrosi0¥® 
Technical Section included 3591 pages * 
text, tables and photographs. All article 
are topically indexed in the 10-Year Index 
to CORROSION, 
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Detroit Program to 


PLANT TOURS 


For Detroit Meeting 


The four plant trips available during 
the North Central Region’s November 
[3-16 meeting at Detroit offer oportuni- 
lies to engineers to see unusual indus- 
trial operations. Following is a descrip- 
tion of what will be shown at each: 


CHRYSLER CORPORATION 

The Chrysler Corporation’s Jefferson and 
\ercheval Plants, the home of the Chrysler 
and Imperial automobiles, are located on 
etroit's east side. The Kercheval Plant is 
® only mass production automobile plant 
i America where car bodies are completely 
‘sembled before going through Bonderizing 
id painting operations. 

The hew body painting system at Chrysler 
‘iizes the latest automatic equipment mak- 
ig the body plant itself one of the most 
“ompletely automatic in the industry, After 
‘ainting, the bodies are transported to the 
*Verson Assembly Plant by an overhead 
myeyor system, crossing over one of the 
ys busiest thoroughfares. In all, the Chrys- 
*t Jefferson and Kercheval facilities, com- 
‘sing more than 4,042,000 square feet of 
or space, cover more than 111 acres. The 
mbined facilities have a car-producing ca- 
Acity of 1200 units per day. A luncheon is 
“ng planned by the Chrysler Corporation 
ed to the tour to the body and assembly 

8. 

This trip is planned to start Thursday after- 
‘mn, November 15th at 1 p.m. Buses will be 
hand at the Bagley Street entrance of 


© Statler Hotel to transport all who plan 
) take this tour, 


WYANDOTTE CHEMICALS CORPORATION 


Wy: ¥ : s R 
nd endotte Chemicals’ production of organic 
an eeanic chemicals at Wyandotte, Mich- 
‘tls based on an abundance of salt, lime- 


(Continued on Page 84) 


WYANDOTTE CHEMICAL COMPANY'S huge plant at Wyandotte, 
Mich. is one of four industrial plants which may be visited during the 
North Central Region’s Nov. 15-16 meeting at Detroit. 


ADVANCE PROGRAMS 
HAVE BEEN MAILED 


Advance programs and other 
information pertaining to the 
meetings of NACE’s Northeast, 
North Central, South Central and 
Western Region meetings in Oc- 
tober and November have been 
mailed. Plans have been made for 
an advance mailing to members in 
NACE’s Southeast Region in con- 
nection with the meeting in 
Charlotte. 

Advance registration and hotel 
registration cards were included 
in the South Central Region mail- 
ing. 

Complete information on these 
meetings has been published in 
CORROSION as follows: 

Northeast Region—September 
issue, beginning on Page 93. 

North Central Region—Pro- 
gram in October issue. 

South Central Region—Septem- 
ber issue, beginning on Page 80. 

Western Region—Preliminary 
information published in October 
issue. 

Southeast Region—Preliminary 
information published in October 
issue, 


A chronological list of all articles pub- 
lished in Corrosion’s Technical Section 
1945-54 may be found in the 10-Year Index 
to CORROSION. 
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Include Sixteen Papers 


Several Plant Tours, 


Committee Meetings, 
Social Events Set 


Sixteen technical papers in four sym- 
posia are to be given at Detroit Novem- 
ber 14-15. The technical program, sev- 
eral plant tours, technical committee 
meetings and _ social events all are 
planned for the first North Central 
Region meeting to be held at Hotel 
Statler. 

The whole program is keyed to the 
principal interests of NACE members 
in the region. Of special interest are 
four plant tours. 

A tentative program has been given 
as follows: 


Wednesday, Nov. 14 


Construction Industry Symposium, Mrs. 
Renee Korff, The Hinchman Corp., 
Detroit, chairman. 

Cathodic Protection of Structures, J. F. 
Hirshfeld, The Hinchman Corp., De- 
troit. 

Surface Treatments for Metals in the 
Construction Industry, Joseph Bigos, 
Steel Structures Painting Council, 
Pittsburgh. 

Corrosion Resistance of Aluminum in 
the Construction Industry, H. P. 
Godard, Aluminium Laboratories, 
Ltd., Kingston, Ont. 

Corrosion of Prestressed Concrete 
Structures, W. O. Eberling, American 
Steel & Wire Co. 


(Continued on Page 84) 
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Welding, cutting, shearing, 
punching, ete., leave exposed 
surfaces where rust has a 
chance to begin. If this work 
is done before Hot-Dip Gal 
vanizing there will be no ex- 
posed surfaces. That’s why we 
say—have your products Hot- 
Dip Galvanized after fabrica- 
tion and there will never be a 
weak spot in your finished 
product. 

Members of the American 
Hot-Dip Galvanizers Associa- 
tion have the know-how to do 
a top quality job. Write today 
for a list of our members and 
our STOP RUST booklet. 


HOT-OIP 


: . 
‘ sv 
2 seinem 


Send for 
Free 
Booklet 


American Hot-Dip Galvanizers Association, Inc. 
1806 Ist National Bank Bldg, Pittsburgh 22, Pa. 


Name _ 


Firm_ 


Ladies’ Program Includes 


Museum Tour, Style Show 
Mrs. Renee Korff, The Hinchman 


Corp. and her committee have planned 
a program for ladies accompanying 
registrants to the Nov. 15-16 North 
Central Region meeting at Detroit. 

On Thursday afternoon there will be 
a guided tour of the famous Greenfield 
Village and Ford Museum and on Fri- 
day morning a television program will 
be featured. 

A luncheon at noon will be followed 
by a fashion show at J. L. Hudson Co. 


NACE Vice-President to 
Speak at Detroit Dinner 


W. H. Stewart, Sun Pipe Line Co., 
Beaumont, will discuss “NACE—Its 
Aims and Value to its Members,” at the 
banquet to be held November 15 during 
the North Central Region annual meet- 
ing at Detroit. The Fellowship Hour 
preceding the banquet begins at 6 pm 
in the English Room of Hotel Statler. 


Plant Tours— 
(Continued From Page 83) 


stone and crude oil available in the area or 
within economical distances by water trans- 
portation or pipeline. 

Principal production of the company’s plants 
in Wyandotte are soda ash, calcium carbo- 
nate, sodium bicarbonate, caustic soda, chlo- 
rine, hydrogen, dry ice, cement, glycols and 
organic intermediates, detergents and com- 
pounded cleaners, waxes, paint strippers, ab- 
sorbent compounds, ete. 

The trip will include a visit to the coke 
plant, power house, cement plant, dry ice 
plant, glycol plant, and the caustic and chlo- 
rine plants, Of particular interest to the visit- 
ing corrosion engineers will be the Materials 
Engineering Laboratory in the Research and 
Engineering Building. 

This trip is planned to start Friday after- 
noon, November 16th at 1:15 p.m. with buses 
departing from the Bagley Street entrance of 
the Statler Hotel. 


International Salt Company Mine 

Permission was granted by the Interna- 
tional Salt Company for NACE members to 
visit their salt mine in Detroit. This visit is 
considered to be of great mutual benefit for 
both sides. NACE visitors will see how me- 
chanical equipment can work in the salt mine 
without considerable corrosion (due to low 
humidity of the air in the mine) while the 
management of the mine is interested in com- 
ments and suggestions the visitors may care 
to make after the mine visit. 

These suggestions may be mailed to D. W. 
Kaufmann, Chief Chemical Engineer of the 
International Salt Company. The mine is ap- 
proximately 1200 feet below the surface and 
extends for some 4 or 5 miles from the mine 
shaft to the working face of the mine. This 
trip is a relatively rare trip for visitors to 
Detroit to make, so that great haste should 
be made in making reservations for it. The 
trip will be held on November 16th, with 
buses leaving at 7 p.m. from the Statler Hotel. 


HIRAM WALKER & SONS LTD. 

Hiram Walker & Sons Ltd., Walkerville, 
Ontario, is one of Canada’s oldest distilleries 
and the home of Canadian Club. Traditional 
grain handling, cooking, mashing, fermenting 
and distilling operations are used. Of particu- 
lar interest to engineers will be the operation 
of the Cereal Products Recovery Division 
which concentrates the usual distillery waste 
products into salable stock feed in the form 
of distillers dry grain and distiller solubles. 
Warehousing, bottling and shipping facilities 
are of interest in view of the size of the 
operation, 

It snould be noted that proper identifica- 
tion will be required to cross the Canadian 
Border in order to make this trip. No pass- 
port is required by American citizens. 


Topical indexing of the cards supplied 
by the NACE Corrosion Abstract Punch 
Card Service is pre-punched. 
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Detroit Program— 
(Continued From Page 83) 


Electrical Power Industry Symposium, 
N. A. Kerstein, Detroit Edison Co, 
chairman. 


Corrosion in Power Distribution Sys- 
tems Above Ground, Everard Pp 
Robertson, Detroit Edison Co. 


Corrosion in Power Distribution Sys- 
tems Below Ground, J. D. Piper, De. 
troit Edison Co. 


Corrosion of Super Heater Tubes, I, 4 
Rohing, Detroit Edison Co, 


Corrosion in Power Generating Equip. 
ment—Effect of Water Treatment, E 
P, Partridge, Hall Laboratories, Inc, 
Pittsburgh. 

Chemical Industries Symposium, J. H 
Munger, Huntington Woods, Mich, 
chairman. 

Materials for Rubber 
L. A. Woerner, 
Co., Detroit. 

Plastic Applications in the Chemical In- 
dustry, R. B. Seymour, Corrosion 
Resistant Plastics Div., Loven Chen- 
ical of California, Newhall, Cal. 

Inhibition of Mineral Acids on Mild and 
Stainless Steels, J. P. Engle and R. B 
Rosene, Dowell, Inc., Tulsa, Okla, 

Resisting Properties of the 

New Cr-Ni-Mn Austenitic Stainless 

Steels, G. L. Snair, Jr., Allegheny 

Ludlum Steel Corp. 


Lining of Tanks. 
Automotive Rubber 


Corrosion 


Friday, November 16 

Regional Business meeting, 9 am., W 
J. Reis, Tretolite Co., St. Louis, Nortl 
Central Region Chairman, presiding 

Report on Technical committees, C, P 
Larrabee, U. S. Steel Corp., Monroe 
ville, Pa., Technical Practices Com- 
mittee chairman. 

Educational lecture, F. H. Beck, Ohi 
State University, Columbus, 

Automotive Industry Symposium, |. ( 
Rowe, General Motors Corp., Detroit, 
chairman. 

Accelerated Corrosion Tests for Plate 
Coatings, W. L, Pinner, Research an 
Engineering Div., Houdaille Indus- 
tries, Highland Park, Mich. 

Role of Finishing in the Prevention 0! 
Automotive Body Corrosion, E. 
Leithauser, General Motors Corp. 


Resistance to Corrosion of Aluminun 
Alloys for aernere 
E. T. Englehart, W. 

». P. White, 


tories, New 


Laboratory Test Techniques 
haust Valve Steel Corrosion, 
Tauschek and J. C. Sawyer, 
son Products Valve Division. 

Plant Tours Arranged 


The following plant tours are offered 
Chrysler Corp. assembly line, 1 p™ 
Nov. 15; Wyandotte Chemicals Corp. 
plant and research laboratories, 1 pt, 
Nov. 16; Internationa Salt Mine Co, 1 
1200 feet below ground, 7 pm, Nov. }0 
Hiram Walker Distillery, Walkera 
Ont., Canada, 7 pm, Nov. 1 


Ivanso Is eee 


W. J. Ries, chairman of North Cer 
tral Region has announced the appoi'- 
ment of E. V. Ivanso as_ secretaty 
treasurer of North Central RFD 
complete the unexpired term of * | 
Cook who was killed in a recent al 
plane crash. 


Kensington, Pa, 
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©SS DEPARTMENT: 


HOUSTON , TEXAS 


NACE NEWS 


Before corrosion problems force you to replace rods or tubing, 
halt pumps for repairs, or undertake other maintenance 
requirements, it’s time for Aquaness Engineered Corrosion 
Control! 


You'll receive thorough, painstaking service from 

Aquaness field men fully experienced with the corrosion 
problems of the petroleum industry. You'll receive the benefits 
of Aquaness corrosion research. And you’ll get the one Cronox 
corrosion inhibitor that’s best for your needs. 


When corrosion is a problem, call on Aquaness! There’s an 
Aquaness field man in your area to help you. And there’s 
a Cronox corrosion inhibitor to help solve your problems. 


Aquaness 
“(eparlmend™ : 
ATLAS POWDER COMPANY 
2005 Quitman Street, Houston 26, Texas 
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Western Region's Sixth Annual Corrosion 


Conference Schedules 3-Symposia Program 


A four-day Sixth Annual Corrosion 
Conference will be held under auspices 
of Western Region November 13-16. 
The program includes a two-day short 
course on corrosion to be managed by 
the Engineering Extension Section of 
the University of California and a two- 
day regional program for NACE at 
Hotel Lafayette, Long Beach, 

A social program including a dinner, 
two buffet luncheons and a social hour 
also has been arranged. 

The technical program for the re- 
gional meeting has been announced ten- 
tatively as follows: 

Thursday, Nov., 15, Afternoon 
New Developments in Pipeline Protec- 
tion. 

Linn bk. Magoffin, California Water 
and Telegraph Co., National City, Cal., 
chairman 
New Developments in Process Protec- 

tion. 

C. M. Schillmoller, Richfield Oil 
Corp., Wilmington, chairman. Papers 
scheduled include one on concrete cor- 
rosion by C. W. Beardsley, Director, 
Bureau of Standards, Angeles; 
General Corrosion Control by the Cor- 
rosometer, G, H. Rohrback. Additional 
papers on petroleum and petrochemicals 
are planned. 

Friday, Nov. 16, Morning 
Plastics in Corrosion Service. 

Lester Morris, Amercoat Corp., South 
Gate Cal., chairman. Paul M. Elliott, 
manager Kralastic Development, Nau- 


Los 


gatuck Chemical Div., U. S. Rubber 

Co., will discuss thermoplastic pipe; 

William Bartlett, sales manager, Parker 

Engineering Co, will talk on plastic 

linings for steel and aluminum, A paper 

on thermosetting pipe also is scheduled, 
Short Course Program Set 

The University of California Short 
course will have the title ‘Practical 
Considerations of Underground Corro- 
sion for Non-Technical Personnel.” It 
is designed to interest maintenance su- 
pervisors, inspectors, foremen, field en- 
gineers, public relations representatives, 
purchasing agents and others interested 
in fundamentals, materials and installa- 
tions of cathodic protection. 

J. S. Dorsey, Southern California Gas 
Co., Los Angeles, represents the region 
on the arrangements committee. 

Other Events Planned 

The opening session of the regional 
meeting will include an introduction by 
Preston W. Hill, Signal Oil & Gas Co. 
Long Beach, Western Region chairman; 
an address by W. F. Fair, Jr., Koppers 
Co., Inc., Pittsburgh and an outline of 
the conference by R. E. Hall, Union Oil 
Co. Research Center, Brea. 

Also on the afternoon of the sixteenth 
R. E. Kerr, Southern California Gas 
Co., Los Angeles, Western Region Di- 
rector, will preside at a session featur- 
ing reports by NACE technical com- 
mittees. 

Registration fee will be $10 and a $4 
charge will be made for the banquet. 


After 5 years 


TOREX’ ENAMEL 


still protects alum tanks 


" Coelanese 


CORPORATION OF AMERICA 


Alum solution in the concrete tanks at Water Filter Plant, 
Celanese Corporation, Belvidere, N. J., was eating through 
the concrete and loosening the mortar in the brick wall behind 
the tanks. That was back in 1951. Celanese engineers con- 
sulted Inertol Co., Inc., manufacturers of specialized coatings. 
Inertol®s Torex Enamel was used. 


For more than five years now, that first application of tile- 
smooth Torex has been protecting the tanks. No more concrete 
disintegration, leaks, downtime, repairs. 


Torex Enamel is a chlorinated natural rubber-base coating, 
in color. It’s easily cleaned, resists water-treatment chemicals. 
Today, send for free informative folder, ‘“Inertol Chemical- 
Resistant Enamels” C-571. No obligation. Write your name, 
title, firm name and address in margin of this page and mail. 


Inertol ...a complete line of quality coatings 


TT 


ww 


INERTOL CoO., INC. 


477 Frelinghuysen Avenue, Newark 12, .N. J. © 27A South Park, San Francisco 7, California 
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NATIONAL, REGIONA, 
f MEETINGS and 
=| SHORT COURSES 


1956 

Oct. 15-17—Northeast Regional Meeting 
Philadelphia. F 

Oct. 23-26—South Central Region, Gunte: 
Hotel, San Antonio, Texas. 

Nov. 8-9—Southeast Region Fall Mee. 
ing, Charlotte, N. C. 

Nov. 15-16—North Central Region Mee. 
ing, Detroit, Mich. 
Nov. 15-16—Western 

Beach, Cal. 
1957 


Mar. 11-15—NACE Annual Conference 
Kiel Auditorium, St. Louis, Missouri, 


Region, Long 


May 20-22—Northeast Region Corrosion 
Control Conference, Syracuse Uni- 
versity, Syracuse, N. Y. 

1958 

Mar. 17-21—NACE Annual Conference 
Civic Auditorium, San Francisco, Cal 
tornia, 


1959 


NACE Annual Conference, Sherman Hotel 
Chicago, Illinois. 


SHORT COURSES 
1956 
Nov. 13-14—University of California a 
Los Angeles—Western Region. 


NACE MEETINGS 
CALENDAR 


Oct. 


16 Chicago Section. Instrumentatior 
Used in Corrosion Field Testing ol 
Underground Structures, A. 
Peabody, Ebasco Services, N. Y. 


Nov. 


1 Pittsburgh Section, Fundamentals 
of Corrosion, R. H. Brown, Alcoa 

: T r : ) 
Laboratories, New Kensington, Pa 


(or 14) Niagara Section, Coatings 
and election of officers. 
Sabine-Neches Section. Review ° 
papers presented at San Antoni 
South Central Region Meeting 
Little Mexico Restaurant, Orange 
Texas. 


Lehigh Valley Section. Power plant 
corrosion, W. Z. Friend, Interna: 
tional Nickel Co., Inc., New York 
Keystone Trail Inn, Allentown, P 
Protective Coat 


4 


20 Chicago Section. d 
ings, Their Behavior and Why, 
F,. Haase, Milwaukee. 


20 San Diego Section. (Tentative) 
® 


The Corrosion Abstract Punch Car! 
Service provides about 2000 abstracts ¢ 
year from 28 abstracting agencies print 
on double-row McBee cards. 
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NACE NEWS 


Southeast Region's Charlotte Meeting 
November 7-8 Dedicated to Dr. Parker 


Dr. Ivy Parker, editor of CorROSION 
jl be honored by Southeast Region at 
he Charlotte, N. C. sessions of the region 
November 8 and 9. 
First day of the two- 
lay event vill be 
edicated t Dr. 
Parker, who has been 
itor of the N ACE 
monthly magazine 
for the past 12 years, 
esides being active 
nother editorial and 
echnical and admin- 
srative capacities in 
the association. Dr. 
Parker is with Plan- 
tation Pipe Line Co., 
\tlanta, Ga. 

A preliminary schedule of the meet- 
ng, sponsored by NACE’s Carolinas 
Section, gives the following events: 


Parker 


November 7 
| pn—Meeting of regional officers, 
Hotel Barringer. (Including Carolinas 
Section officers.) An invitation to Na- 
tional NACE officers has been ex- 
tended. 


November 8 

30 am-12 noon—Registration, Hotel 
Barringer. 

1-4:30 pm—Registration. 

/am—Welcome address and dedication 
day to Dr. Parker. 

25 am—Outline of meeting. 

§:30-10:20 am—Principles of Corrosion. 
10:50-11:40 am—Proper Design and 
Fabrication of Equipment to Prevent 
Corrosion. 

22:30 pn—Ferrous and Non-Ferrous 
Welding. 

250-3 pm—Painting and Coating Prac- 
tices on Ferrous and Non-Ferrous 
Metals. 

+4:50—Economics of Coating Struc- 
tures, Henry T. Rudolf, Atlantic 
_ Coatings Co., Jacksonville, Fla. 
pm—Fellowship Hour, Hotel Bar- 
ringer. 

pm—Banquet, Hotel Barringer, dedi- 
cated to Dr. Parker. 


\ 


November 9 
9:90 am—Corrosion Problems in the 
Pulp and Paper Industry, H. O. 
leeple, The International Nickel Co., 
Inc., New York. ‘ 
0-10:50 am—Selection of Materials of 
Construction as Related to the Textile 
_and Pulp and Paper Industry. 
11-11:50 am—Corrosion Problems in the 
Textile Mill. 
22 pm—Lunch. A film is scheduled 
rom 12:50 to 1:50 for those interested. 


-Pm—Choice of plant trip or demon- 


stration lecture. 

L Plant trip to Celanese Corporation. 

«Lecture demonstration by E. I. du 
Pont de Nemours & Co., Inc., per- 
sonnel on coating practices. 


WAYMAN H. MEIGS 


VV. - . . . 

Wayman H. Meigs, Phillips Petro- 
tim Co, one of the organizers of Cen- 
al Oklahoma Section was killed in an 


‘utomobile accident east of Oklahoma 


7 July 14. He was second chairman 
‘the section and an active member, 
Specially in short course work and 


‘ining for regional meetings. 


Houston Short Course Set 


The 1957 Houston Section Short 
Course on Corrosion is scheduled to be 
held during the latter part of January 
or early in February, probably at the 
University of Houston, according to 
C. L. Woody, United Gas Corp., section 
chairman. Approximately the same sub- 
ject matter and schedule as the 1956 
course is planned, he said. 

O. W. Wade, Transcontinental Gas 
Pipe Line Corp., Houston is director of 
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Chemical Injectors Covered 
At Meeting in Odessa 


At the August 13 meeting of Permian 
Basin Section at Lincoln Hotel, Odessa, 
Texas, L: ’. Musgrove, Texsteam 
Corporation, Houston, spoke on “Chem- 
ical Injectors in Corrosion Control.” 

Following Mr, Musgrove’s presenta- 
tion a nominating committee was ap- 
pointed with Jack Collins of Continen- 
tal Oil Company as chairman. This 
committee was scheduled to report a 
slate of new officers at the September 
10 meeting. Approximately 55 members 
and guests attended the August 13 
meeting. 

® 
Libraries of educational institutions may 





the school. subscribe to Corrosion for $4 a year. 


He’s there alright. Maybe you’ve felt his profit- 
busting hand on the company finances as of now... 
maybe not until tomorrow. 

Electrolytic corrosion is a malignant destroyer of 
buried or submerged metallic structures and pipe- 
lines. Unlike the dreaded human malady, IT CAN 
BE CURED. That’s our business. We are “doctors” 
for metals . . . specialists who can prevent or cure 
electrolytic corrosion quickly . . . economically. 

It is a fact . . . in many instances, the cost of a 
HARCO cathodic protection system can be re- 
claimed within a few months . . . through savings 
in normal maintenance and replacement costs. 


7135-HC 


corrosion 
sits 
Of Your 
hoard! 


...unless you have 


ftatico cathodic 


protection 


HARCO supplies a complete range of services. 
Whatever your needs . . . job engineered systems, 
contract installations or cathodic protection mate- 
rials . .. look to HARCO... 

first in the field of cathodic 

protection. 


Write today 

for catalog 

or call 

MOntrose 2-2080. 





CATHODIC PROTECTION DIVISION 


THE HARCO CORPORATION 


16991 Cleveland, Ohio 


CLEVELAND © ALBANY + DAVENPORT 


Broadway ° 


ATLANTA + CHICAGO + 


MINNEAPOLIS = NEWYORK + OKLAHOMA CITY + PITTS#URGH 


OETROIT + HOUSTON + LOS ANGELES + LOUISVILLE + LINCHEURG 


+ $7. LOUIS + TORONTO, Canana 


PHILADELPHIA + 


SALT LAKE CITY + SEATTLE 
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34 Firms Scheduled to Exhibit at San Antonio 


South Central Region 
Show Attracts Wide 
Range of Products 


Exhibitors located in states from 
California to New York and from Illi- 
nois to Louisiana have contracted for 
space at the exhibition to be held in 
connection with South Central Region’s 
meeting October 23-26 at the Gunter 
Hotel, San Antonio. Up to press time 
34 firms plan exhibits such 
items as pipe coating and wrapping ma- 


featuring 


terials, sequestering agents, inhibitors, 
holiday detectors and industrial coatings. 

Of the 34 firms listed a majority were 
either located in or had principal ad- 
dresses in the Southwest. It was a 
special aim to interest exhibitors from 
this part of the country in the regional 
exhibit. It is the first exhibit held at a 
regional meeting of NACE. 

Firms scheduling exhibits were: 

Allen Cathodic 
Houston, Texas 

Amercoat Corporation, 
fornia 

Atlas Powder 
Houston, Texas 

S. E. Bosley Company, Tulsa, Okla. 

Brance-Krachy Company, Inc., 
Texas 


Protection Company, Inc., 


South Gate, Cali- 


Company, Aquaness Dept., 


Houston, 


MR. CORROSION ENGINEER! 


BOOTH No. 46 
N. A. C. E. 


South Central Regional 


EXHIBITION 


Gunter Hotel, San Antonio 
October 24-26 


shows the full range of 


CORROSOMETERS 


actually measuring corrosion 
as it occurs 


Come and see how these instruments 
can be adapted to your needs 


We will be there to help you 
Your problem is our business! 


CREST INSTRUMENT COMPANY 


11808 South Bloomfield 


Santa Fe Springs, California 


Briner Paint 
Christi, Texas 
Carboline Company, St. Louis 19, Missou 
Cathodic Protection Service, Houston Texas 
Central Plastics Company, Shawnee, Okla: 
homa : . 
Clementina, Ltd., San Francisco, Californis 
Clemtex, Inc., Houston, Texas e 
Cook Paint & Varnish Company, Kansa: 
City 41, Missouri ? i 
Corrosion Rectifying Company, Houston 24 
Texas ~ 
Crest Instrument Company, Santa Fe 
Springs, California 
Crutcher-Rolfs-Cummings, Ine., 
Texas 
Ss. D. Day Company, Houston, Texas 
The Fibercast Corporation, 
Oklahoma 
Odis C, Galloway & Company, Ince., Beau- 
mont, Texas 
I’. W. Gartner Company, Houston, Texas 
General American Transportation Corpora- 
tion, Chicago, Illinois 
Gulf States Asphalt Co., Ine., 
Texas 
Labline, Ine., Chicago, Illinois 
Napko Corporation, Houston, Texas 
Chas. Pfizer & Company, Inc., Brooklyn, 
New York ; 
Pipe Line 
Park, Illinois 
Plastic Applicators, Inc., Houston, Texas 
Plastic Engineering & Sales Corp., Fort 
Worth, Texas 
Protecto Wrap Company, Tulsa, Oklahoma 
Rio Engineering Company, Houston, Texas 
Royston Laboratories, Inc., Pittsburgh 
Pennsylvania 
The D. E. 
Louisiana 
Texsteam Corporation, Houston, Texas 
Visco Products Co., Inc., Houston, Texas 
T. D. Williamson, Inc., Tulsa, Oklahoma 


Contributors to Fellowship 
Hour Oct. 24 Are Listed 


The following firms have been listed 
as contributors to the Fellowship Hour 
to be held during the October 23-26 
South Central Region meeting at San 
Antonio. The Fellowship Hour is sched- 
uled Wednesday, October 24. 

Alco Products, Ine., Houston, Texas 

The American Brass Company, 
Texas 

We Hid Th BD 
sylvania 

Cardinal Chemical Company, Odessa, Texas 

The Philip Carey Mfg. Company, Cincinnati 
Ohio 

Cathodic Engineering & 
Houston, Texas 

Corrosion Control, Inc., Tulsa, Okla. 

Corrosion Services, Inc., Tulsa, Okla. 

Crane Company, San Antonio, Texas 

Dearborn Chemical Company, Oklahom 
City, Okla. 

Dow Chemical Company, Midland, Michigat 

Duriron Company, Dayton, Ohio 

Federated Metals Division, American Smelt 
ing & Refining Company, Houston, Texas 

Hercules Powder Company, Naval Stores 
Department, Wilmington, Delaware 

Hill-Hubbell & Company, Division Genera 
Paint Company, Dallas, Texas 

Huddleston Engineering Company, 
ville, Okla. 

Humble Oil & Refining Company, Housto! 
Texas 

Insul-Mastie Corporation of America, Hous 
ton, Texas 

Johns-Manville Sales Corporation, Houstot 
Texas 

The Kendall Company, Polyken Sales Divi- 
sion, Chicago, Ill. 

Kerr-McGee Oil Industries, Inc., 
Division, Oklahoma City, Oklahoma 
Magna of Texas, Kilgore, Texas 
F. H. Maloney Company, Houston, Texas 
Mavor Kelly Company, Houston, Texas 
Midwestern Pipe Line Products Compa? 

Tulsa, Oklahoma 

Minnesota Mining & 
Paul, Minnesota : 

National Aluminate Corp., Housten, Tex@ 

Nicolet. Industries, Inc., New York, 
York : 

Non-Corrosive Products Company 0 
Houston, Texas stol 

Tod Pazdral Pipeline Specialties, Houstor 
Texas ctl 

Perrault Equipment Company, Tulsa, U** 
homa f 

Pipe Line Anode Corporation, 
homa 


Mfg. Company, Ine., Corpus 


Houston, 


Sand Springs, 


Houston 


Service Corporation, Franklin 


Stearns Company, Shreveport, 


Houstor 


Betz, Philadelphia, Penn- 


Supply Company 


Bartles 


Deep Rot 


Mfg. Company, St 


Tulsa, Okla- 


(Continued on Page 90) 
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vt Yd ANTI- CORROSION 
T took only 30 days for the two steel coupons shown at right 
above to corrode almost away in the stream of a secondary- 
recovery well in Kansas. Both coupons, where not corroded 
through, are wafer thin. An anti-corrosion chemical was being 


fed at the rate of one pint per day, yet the average corrosion rate 
on the coupons was 216 mils* per year. 


In the same well, Visco-treated with the same amount of chemical 
pet day, the coupons at left above showed a corrosion rate of 
only 8.1 mils per year after 29 days’ exposure. 

Visco Chemicals cut the corrosion rate over 96% ! 
For corrosion control resu/ts and treating economy, call your Visco 
Representative, now. 


*1 mil=.001 inch. A corrosion rate of 216 mils per year means 
that the corrosive attack, if uniform, would have corroded 
away the entire surface of the metal to a depth of .216 inches 
in a year. However, the real danger of high corrosion rates, 
as the coupon shows, is the much deeper and faster penetra- 
tion occurring at localized areas. 


VISCO PRODUCTS COMPANY 
INCORPORATED 


2600 Nottingham at Kirby, Houston 5, Texas 
Telephone: MAdison 3-0433 
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San Antonio Forecast 


Is Dry Weatherwise 


Weather records for the last 5 years 
in San Antonio indicate the chances 
of a dry (weatherwise) meeting of 
South Central Region can be counted 
on. Precipitation was recorded on 
one day only during the years 1955. 
52 inclusive on the dates during 
which the 1956 meeting will be held, 
October 23-26, 

The 50-year average, however, in- 
dicates that precipitation is likely, 
Whether you wear your raincoat or 
open toed shoes depends on whether 


TAKE YOUR CHOICE... ycliable than the SO-year eresgilll 


other words it is a statistical dilemma. 


The average minimum tempera- 
. BUT CHOOSE ture during the past 50 years was 
| 57 degrees and the maximum 80 on 
all days except October 26 when it 
dropped one degree. So whether or 
THE RIG HT PROTECTION not you want to gamble on the rain 
you can be sure that a light coat 

will be needed after nightfall. 

If you’re the type that really en- 
joys worrying you might find useful 
the fact that on October 24, 1949 it 
rained over two inches. 


The corrosion advice and service Federated can give to help you is not restricted 


by a specialized product line. No other company can offer so many materials Numerous Military Posts 


and so much practical experience for the engineer who has a corrosion problem: Found Near San Antonio 


e si ‘ g San Antonio is the focus of a number 
Galvanic Anodes — magnesium and zinc — designed and made by Federated of large military establishments. Visitors 
will notice the large numbers of uni- 
formed men and women in the city. What 

i ili i i Vy Wi se rever, is the extent t 
corrosion of pilings, piers, ships’ hulls an . they will not see however, is t 
ee , P and ballast tanks ex which the city relies on military payrolls 
posed to salt water. and income. Thousands of San Antonians 
are employed on the military posts in 
. sd , . various capacities. 
Lead Sheet, Pipe and Fittings designed and fabricated by Federated for Principal air force establishments are 


‘ . ‘ Telly < Z tields and Lackland 
residential, general industrial and a great num f chemical Kelly and Randolph Fields anc 
:g gre ber of chemica Air Force Base. Numerous smaller air 


handling applications. force establishments are nearby. 
The army maintains Fort Sam — 
° * ss : . yhere : a arters for te 
Zine and Zinc Alloys for galvanizing, die casting, and other purposes... and he ee Raw is the ad- 
zine dust for paints. ministrative headquarters for the 9-state 

Fourth Army area. 

Also located on the Fort Sam Houston 
Copper and Aluminum Alloys for pipe, fittings, valves, roofing, screening, reservation is Brooke Army Medical 
: : : Center and the Medical Service Field 
pole line and marine hardware and thousands of other appli- = Forces School, San. Antonio Air Force 


to protect pipelines and other buried structures... to control 


i pot also is » reservation. 
cations where corrosion resistant parts are required. Depot Sine ts On Ake fenerenny 


Plating Materials including copper, lead, cadmium, zinc and silver anodes; Contributors To— 


nickel salts; addition agents for cadmium and zinc plating baths. (Continued From Page 88) 


Whatever your corrosion problem, Federated’s Corrosion Ad- Pittsburgh Coke & Chemical Compan) 
Houston, Texas aint 
visory Service will be glad to make recommendations without Pittsburgh Plate Glass Company, Pain 
Division ouston, Texas - 
" ° . " Dy 2 g Pesearc Serene c., New Pp ‘i 
obligation. Just call or write your nearest Federated office. a ene Mere ae pe ; 
eans, La. Dallas jan 


Reilly Tar & Chemical Company, 


0 Robinson Supply Company, Houste! Distri 
Texas taive 
Rockwell Mfg. Company, Meter & Val 
Division, Houston, Texas ~prist 
Rosson-Richards Company, Corpus CM 
chanel Texas 
ead Sateron Company, Houston, Texas 4 Manu 
“3 Sline Industrial Painters, Houston, — 
ey, Socony Paint Products Company, ?© 
DIVISION OF AMERICAN SMELTING AND REFINING COMPANY me ai Diaatien Coniany eee 
solvent & astics 0 any, ot. > at 
120 BROADWAY, NEW YORK 5, N. Y. Texsteam Corporation, Division Vapor Hea Distri 
In Canada: Federated Metals Canada, Ltd., Toronto and Montreal ing Corporation, Houston, Texas 
Tuboscope Company, Houston, Texas 


Tretolite C any, St. Louis, Missouri 
Aluminum, Anodes, Babbitts, Brass, Bronze, Die Casting Metals, Lead and Lead Products, Magnesium, Solders, Type Metals, Zinc Dust ee ee " 
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All Valves on American-Louisiana’s 30” Line 


were COLD-COATED with ROSKOTE 


Every valve on this 1000 miles of 30” pipe —all brush, spray or Roskoter coating device, their ex- 
WKM’s and WALWORTH’s—s coated with Roskote tremely fast drying and their proven high electrical 
cold-applied pipe mastic for lasting protection in all resistivity, Roskote pipe mastics have been specified 
kinds of underground conditions from North Tepe- by more than 400 gas, oil and pipeline companies 
tate, Louisiana to Willow Run, Michigan. for lasting protection of their gas, oil and product 

Jointly approved for use by American Louisiana _ pipelines. 

Pipeline Company and their engineers, Ford, Bacon & For literature covering Roskote physical properties, 
Davis, Roskote was, in addition, used for some of the application instructions and complete test data, write 
line patching where the original coating was imperfect to Royston Laboratories or their nearest district office 
or damaged. Two coats of Roskote were used, either or distributor. 

by brush or pressure pump spray, and jeeped by the 

holiday detectors used on the line. Standing in water-laden backfill, the Shafer- 

All three contractors, Houston Contracting Com- operated valves seen in the photograph above 
pany, Brown & Root, Inc. and H. C. Price Company are given lasting, jeep-proven protection by 
used Roskote on the project. below-ground coating of Roskote 612XM Pipe 

Because of their easy, non-toxic application by Mastic. 


ROYSTON LABORATORIES, Inc., Box 112-C, Blawnox, PITTSBURGH 38, PA. 


District Sales Offices: 
2. Box 1084 P.O. Box 1753 PO. Box 2511 P.O. Box 21 3114 Midvale Avenue 
Atlanta, Georgia Tulsa, Oklahoma Monroe, Louisiana Park Forest (Chicago), Ill. Philadelphia 29, Pa. 
Distributors: Overton Sales Equipment Co. Hugh Brightwell 
5981 Fairmount Extension 4101 San Jacinto 
San Diego 20, Calif. Houston 4, Texas 
Manufacturers Of: Roskote Pipe Mastics @ Roylac Aluminum Finish © Oil and Gasoline Resistant Mastics 
@ Vinachrome Primer © Orco Insulation Tape ® Roybond A-36 Adhesive ® Aluminum 
Mastic ®@ Pipe Storage Primers @ Roskoter Coating Device ® Royston Glass Wrap ® Endseals 


Distributors Of: Polyken Tape ® Dow Magnesium Anodes ® Pipeline Felt ® Glass Pipe Wrap ® Pipeline Padding 
Warehoused in North East, South East, South Central and North Central Regions 
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Hose Is New Chairman 
Of Cleveland Section 


A. G. Hose, Lindsay Wire Weaving 
Co., Cleveland is new chairman of 
Cleveland Section. Elected at the same 
time for 1956-57 were the following: 
A. R. Corlett, Harco Corp., Cleveland, 
vice-chairman; J. F. Bosich, Diamond 
Alkali, Co., Painesville, Ohio. 

An advisory committee also was 
named as follows: F. J. Leonard, Cleve- 
land Electric Illuminating Co., John 
Scott, Truscon Laboratories, Willowick 
and H. W. Merrill, Chemical, Pump & 
Equipment Corp., Cleveland. 


° 
The distinctive NACE membership em- 


blem is available to all NACE members 
at $10. 


NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Power Plant Corrosion 
Is Lehigh Valley Topic 


W. Z. Friend, The _ International 
Nickel Co., New York will .discuss 
power plant corrosion at a November 
19 meeting of Lehigh Valley Section at 
Keystone Trail Inn, Allentown, Pa. 
Five of the six scheduled meetings of 
the section will be held at the same 
place. M. C. Miller, Ebasco Services, 
Inc., New York gave a soil box demon- 
stration at the September 17 meeting. 

Other meetings scheduled are: 

Jan. 21—Francis Scofield will talk on 
paints. ~. 
Mar. 18—(Tentative) T. P. May, The 

International Nickel Co., Inc., New 

York, fretting corrosion. 
May—A plant tour is scheduled 

the end of this month, 


near 


INTERNATIONAL 
PAINTS 


STOCKED BY 


SAN ANTONIO MACHINE & 
SUPPLY CO. 
Harlingen, Texas 
Phone: Garfield 3-5330 
SAN ANTONIO MACHINE & 


SUPPLY CO. 
Corpus Christi, Texas Phone: 2-6591 


TEXAS MARINE & INDUSTRIAL 


SUPPLY CO. 
Houston, Texas Phone: Walnut 6-1771 


TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 


Galveston, Texas-----Phone: 5-8311 


MARINE & PETROLEUM SUPPLY CO. 
Orange, Texas Phone: 8-4323-8-4324 


TWENTY GRAND OIL CO., INC. 
Morgan City, Louisiana 
Phone: 5033-3811 


ROSS-WADICK SUPPLY COMPANY 


Harvey, Louisiana 
Phone: Fillimore 1-3433 


MOBILE SHIP CHANDLERY CO. 
Mobile, Alabama 
Phone: Hemlock 2-8583 


Send for a complimentary 
copy of our recently re- 
vised booklet ‘‘The Paint- 
ing of Ships.” It is an 
outline of the latest ap- 
proved practices in all ma- 
rine maintenance. 


International Paint Company, Inc. 


Main Office: 21 West Street, New York 6, N. Y. Southern District Office: 
628 Pleasant Street, New Orleans 15, La.—Phone: TWinbrook 1-4435 


Union, Union Co., N. J., U. S. A. © §. San Francisco, Cal., U. S. A. 


Carrying 


._ tober 4 
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Research Center Plans 
Are Topic of Talk 


Plans for a research center to be con- 
structed on a 3000-acre tract near San 
Antonio will be described to members 

of the National Asso. 
ciation of Corrosion 
Engineers by Judson 
S. Swearingen, i. 
rector, Petroleum 
Technology — Division 
Southwest Research 
Institute, San An. 
tonio. He will speak 
at South Central 
Region’s October 2% 
annual business luncb- 
eon near the concly- 
sion of the regional 
meeting in San An- 


Swearingen tonio. 


A member of many technical organi- 
zations, Dr. Swearingen was professor 
of chemical engineering at Universit 
of Texas from 1939 to 1942 and has had 
industrial connections with such enter- 
prises as a condensate well testing lab- 


_oratory, manufacturer of turbo-expanders 


and a petroleum cracking plant. 


Pittsburgh Section Plans 
Programs at Eight Meetings 


An 8-meeting schedule of activities 

Pittsburgh Section through 

May, 1957 has been outlined, The Oc- 

meeting, scheduled at Mellon 

Institute includes two motion pictur 

films, ‘Greater Than Gold” and “Zinc 

Controls Corrosion.” 

Other meetings scheduled are: 

Nov. 1—Fundamentals of Corrosion, R 
H. Brown, Alcoa Laboratories, New 
Kensington, Pa, 

Dec. 6—Corrosion of Metals, W. Z 
Friend, The International Nickel Co, 
Inc., New York, Mellon Institute. 

Jan. 3—Mid-East Pipe Line, L. P 
Sudrabin, Electro Rust-Proofing 
Corp., Mellon Institute. 

Feb. 7—National president’s and _ past 
section chairmen’s night, Gateway 
Center. 

Mar, 7—Tour of U. S. Steel Corp. Re- 
search Center. 

Apr. 4—Open, Mellon Institute. — 

May 2—Specification and Testing 0! 
Tank Linings, W. P. Cathcart, Tank 
Lining Corp., Mellon Institute. 


Humorous Awards Feature 
San Diego Ladies’ Night 


A program arranged by the ladies 
consisting of a community singing ses 
sion, travelogue motion picture and nar- 
ration was featured at a July 16 meetin 
of San Diego Section held at San Dieg 
Yacht Club. Fifty-five members ai 
guests were present. 

Awards in a humorous vein were pr 
sented to outstanding NACE member 
present. < 

This extra meeting, although the a 
at which no phase of corrosion contr 
was discussed probably will be a res! 
lar feature of the section’s progral 
hereafter, The section tentatively sche’ 
ules meetings on third Wednesdays 
January, March, June, September ai 
November, but programs are not # 
ranged in advance longer than ™ 
months prior to meetings. 
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inco high temperature research note: 
Nitriding 


and its effects on several heat-resisting alloys 


As a constituent of many hot atmospheres that employ 
air for combustion, nitrogen in molecular form is usually 
considered substantially inert to a large number of 
metals and alloys. 


However, in atomic state—for example, as a transient 
dissociation product of ammonia — nitrogen may react 
with surfaces of certain metals and distinctly alter their 
properties. Whether this may be desirable or not, de- 
pends on extent and nature of the reaction. 


The Problems 


Industry heats steels to be intentionally nitrided, in 
a freshly dissociated ammonia atmosphere to attain the 
surface hardening that accompanies formation of nitride 
phases. But the problem is, to avoid nitriding the furnace 
chamber, dissociator and other accessories . . . a costly 
and useless consumption of gas. Another problem exists 
in chemical plants, where equipment handling hot 
ammonia must resist the absorption of nitrogen. Here 
nitriding is a form of high temperature corrosion re- 
quiring selection of the most resistant alloys for its 
prevention. 


A Postulate 


Field experience had shown that alloys high in nickel 
resist corrosion and embrittlement by nitrogenous 
atmospheres. However, to evaluate lower nickel alloys 


CORROSION OF NI-CR-FE ALLOYS BY 
ANHYDROUS AMMONIA AT 500°C 
BASED ON 1540 HOURS EXPOSURE 





SURFACE POLISHED 
SURFACE PRE-OXIDIZED 
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40 
FE + CR, % 


In this type of service, a series of commercial composi- 
tions was exposed in a plant ammonia line and the cor- 
rosion behavior thereafter compared. 


Examination 


After 1540 hours’ exposure at 500°C, stainless steels 
having initially a bright surface suffered heavy corro- 
Sion that was quantitatively measured by examination 
of the specimen cross section under the microscope. 


These measurements were calculated in terms of “‘inches 
penetration per year” and the variation in extent of 
attack with alloy composition is shown in the graph. 


When the nickel content is high, as in 80 Ni/20 Cr, 78 
Ni/14 Cr (Inconel* nickel-chromium alloy), or 59 Ni/15 
Cr, the nitride phases which form are dense and adherent 
and the corrosion resistance is correspondingly good. 
Alloys that contain more iron develop porous surface 
layers and the rate of attack is high. Significantly, ap- 
parently some chromium is required to provide corro- 
sion resistance, since under these conditions of exposure, 
pure nickel is inferior. 


An interesting observation from this test is that the 
stainless steels which were initially heat-treated to form 
an oxide film were more resistant than specimens with a 
bright surface. 


Material Magnification dark zone nitride rich corrosion layer. 


Result of Investigation 


Quantitative data obtained from this test in general 
support past experience that the high nickel composi- 
tions are inherently suited for service under nitriding 
conditions. 


Inco has investigated hundreds of metals and alloys 
under high temperature operating conditions. If you 
have a metal problem involving high temperature per- 
formance in corrosive media, let us help you. Send for 
our High Temperature Work Sheet ...a form that 
makes it easy for you to outline your problem to us. Use 
the coupon now. WReslateved: Trademark 


The International Nickel Company, Inc. 
67 Wall Street, New York 5, N. Y. 


Please send me the High Temperature Work Sheet 
so that I may outline my problem to you. 


Name__ 
Title___ 
Company. 
Address_ 





CORROSION—NATIONAL 


ASSOCIATION OF CORROSION 


PHILADELPHIA SECTION MEMBERS are shown here during their August 24 tour of Haveg 
Corporation's plant at Wilmington, Del. 


Haveg Corp. Plant 
At Wilmington Toured 


Haveg Wilmington, 
Del. plant was inspected by some 75 
members and guests of Philadelphia 
Section August 24. Dr. John Lux, presi- 
dent of the corporation gave a talk and 
presented a color and sound motion pic- 
ture showing the scope of Haveg’s re- 
search and development of plastics, 
principally for the chemical industry. 

Demonstration of procedures at the 
laboratory was an interesting feature of 
the visit. 

Refreshments were served at the com- 
pany’s offices. 


Corporation’s 


e 
Subscribers to the NACE Corrosion Ab- 
stract Punch Card Service may supplement 
classifications of abstracts by preparing 
duplicate cards of abstracts interesting 
to them, 


Philadelphia Section Has 
Scheduled Six Meetings 


Six meetings, beginning with Sep- 
tember and continuing through Decem- 
ber 1957 have been scheduled by Phila- 
delphia Section. All meetings will be 
held at the Poor Richard Club. 

Dec. 13—F. L. LaQue, The Interna- 
tional Nickel Co., Inc., New York, 
scheduled speaker. 

Feb. 5—Kel-F for 
Francis J. Honn, 


Corrosion Control, 
M. W. Kellogg Co. 
May 10—Walter Luce, The Duriron 

Co., Dayton, featured speaker. 
Oct. 29—Program not arranged. 
Dec. 17—Mars G. Fontana, The 
State University, featured speaker. 

Corrosion Resistant Welded Joints in 
Piping Systems was the topic of an 
address scheduled for the September 18 
meeting by R. David Thomas, Jr., The 
Arcos Corp., Philadelphia. 


Ohio 


Mayes Bros. specializes in coating and wrapping only 


WITH NOTHING TO SELL BUT SERVICE! 


For the past 28 years we have specialized in but ONE service—quality 
coating and wrapping of pipe. We can do a better job for you specializing 


in one service than dabbling in several. 


THAT’S WHY we’re not in the: 


Trucking Business 


— we leave that to companies who 


specialize in transportation. 


Supply Business 


— it requires expensive inventories, 


constant attention and merchandising 


skills. 
Thread Business 


— it requires specialized equipment and 


specialized experience. 
Stevedoring Business — we leave that to longshoremen with 
their know-how. 
Nobody does his best when he’s trying to wear several different hats. 
When you need quality coating and wrapping—let Mayes Bros. special- 
ized men, methods and machinery Put Permanence in the pipe you lay. 


1150 
vv 
Drive 


' ORchard 


2-7566 


HOUSTON, TEXAS 
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Pipeline Corrosion Is 
North Texas Section’s 


Topic for November | 


John W. Pool, Magnolia Pipe Line 
Co., Dallas and Ralph G. Petty, Sinclair 
Pipe Line Co., Fort Worth will discuss 
pipeline corrosion at a November 5 > meet- 
ing of North Texas Section. The meeting 
is one of a scheduled nine beginning 
with September and ending in the spring 
of 1957. 

At the section’s September 1 cis 
John W. Nee, aiear ° a 
Paint Manufacturing 
Company, Inc, Cor- 
pus Christi spoke to 
24 members and 11 
guests on ‘“Control- 
ling Corrosion 
Through NACE.” 

At a short business 
meeting K, D. Wahl- 
quist, Southern 
Union Gas Co. was 
appointed chairman 
of a committee to 
review by-laws of 
NACE sections with Nee 
the view of prepar- 
ing by-laws for the operation of North 
Texas Section. Announcements of 
NACE meetings of interest were made, 

A schedule of section meetings was 
announced as follows: 

Oct. 1—W. C. Koger, Cities Service Oil 
Co., Bartlesville, Okla., “Recent De- 
velopments in Cathodic Protection of 
Water Handling Equipment,’ Fort 
Worth. 

Dec. 3—F. L. Whitney, Jr., Monsanto 
Chemical Co., St. Louis, “Design for 
Corrosion Control,” Dallas. 

Jan. 7—Hans Brinker, A, O. Smith Corp. 
on a topic related to glass lined vessels, 
Fort Worth (to be confirmed). 

Feb. 4—Henry J. Graeser, Dallas City 
Waterworks, ‘Water Supply and Cor- 
rosion Problems,” Dallas. 

Mar. 4—Edward J. Simmons, Sun Oil 
Co., Dallas, “How to Evaluate Cor- 
rosion Inhibitors,” Dallas. : 

April—Economics of Plastic Tapes tor 
Pipeline Coating, Fort Worth. 


New England Section to 
Discuss Home Corrosion 


“Corrosion in the Home,” will be the 
subject of a discussion by J. T. Kemp 
of American Brass Co. December 5 at 
a meeting of New England Section. 
Place and hour of the meeting have not 
been set. The meeting is one of three 
scheduled by the section, ; 

On October 3 at Hartford Gas Co. 
auditorium Hartford, Conn. E. ¢ 
Reichard, American Smelting & Refi- 
ing Co. will lead a discussion following 
presentation of the motion picture “Zinc 
Controls Corrosion.’ 

Dr. Samuel Jacobson, New Haven 
Water Co. will talk on Corrosion b} 
Potable Waters at a February 6 meet 
ing. Place will be announced. 


New Officers Are Elected 
By Toronto Section 


Torontc Section local officers have 
been elected as follows: A. H. Catt, 
chairman, Koppers Products Ltd; # 
A. Webster, vice-chairman, Corrosion 
Service, Ltd; W. A. Landon, secretary, 
(Continued on Page 96) 
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IIE, hele FLUOROCARBON PLASTIC 


molding techniques. It can also be obtained in film, sheets, 
rods, tubing, and other extruded profiles from qualified 
molders and fabricators throughout the country. Names 
available on request from Kellogg. 


can control corrosion in standard equipment 
and parts .. . over extended thermal range 


The outstanding thermal and chemical stability of KEL-F 
PLASTIC provides one of the most effective means of 
preventing corrosion and thermal breakdown in industrial 
equipment and products. 

Available in the form of a readily moldable thermo- 
plastic, KEL-F PLASTIC is giving practical answers to 
some of the most vexing processing and production prob- 
lems encountered today. KEL-F PLASTIC is unique in 
its resistance to chemical attack, heat, cold and moisture. 

Consider these every day situations where KEL-F 
PLASTIC can be used to set up safe and dependable 
barriers to corrosive liquids, fumes, excessive tempera- 
tures, pressures and stress: 


MOLDED AND FABRICATED 

® Piping @ Tubing 

® Gaskets @ Valve diaphragms 

® Ring seals @ Pumps 

® Gauge crystals @ Flow meters 
KEL-F PLASTIC is available in the form of molding 
powders for compression, injection, extrusion and other 


Send for our newly published booklet covering the entire 
family of KEL-F fluorocarbon products—Plastics, Dis- 
persions, Oils, Waxes, Greases, Elastomers, Printing Inks 
and Chemicals. For your copy, write to the address below. 


® Registered trademark of 
The M.W. Kellogg Company for its fluorocarbon products. 


CHEMICAL STABILITY Unaffected by concentrated acids, alka- 
lies, organic solvents, oxidants. 


THERMAL STABILITY Operates over a wide temperature range 
(—320°F. to +390°F.). 
MOLDABILITY Readily molded on standard compression, 
transfer, injection and extrusion equip- 
ZERO ment. 
MOISTURE 
ABSORPTION Surface is non-wetting, anti-adhesive. 


DIELECTRIC STRENGTH Extremely high resistivity (10'® ohm-cm.); 
high dielectric strength. 


The M. W. Kellogg Company 
Chemical Manufacturing Division, P. O. Box 469, Jersey City 3, N. J. 


Subsidiary of Pulman Incorporated 
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HOSE PROBLEMS? 


You need this 


TEFLON 


Chicago Section Hears Tal, 
On Testing Instrumentation 


_“Instrumentation Used in Corrosi 
Field Testing of Underground Stree 
tures,” is the topic scheduled for dic 
cussion by A. W. Peabody, Ebase, 
Services, Inc., at an October 16 meetin 
of Chicago Section. It is one of seven 
meetings in a cycle starting in Septem. 
ber, 1956 and ending in May, 1957. Thy 
September 18 meeting was a ladie 
night with J. S. Long, Devoe & Ry. 
nolds Co., as speaker. E 
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titanium Metallurgy 
Course Is Presented 


Among the 25 papers presented at a 
September 10-14 course at New York 
siversity on titanium metallurgy were 
he following: 

Effect of Interstitials and Aluminum 
» Properties of Alpha Titanium, M. K. 
McQuillan, Imperial Chemical Indus- 
wes, Birmingham, England, 

Influence of Microstructure and Com- 
yosition on properties of Alpha-Beta 
illoys, R. I. Jaffee, Battelle Memorial 
Institute. 

Nitrogen in Titanium and Its Alloys, 
\. D. McQuillan. 

Elevated 
Battelle 


Titanium at 


Ogden, 


Behavior of 
Temperatures, H. R. 
\emorial Institute. 

Technological Aspects of Physical 
Properties of Titanium and Its Alloys, 


\.D, McQuillan. 


Welding, C. E, Hartbower, 
town Arsenal Laboratory. 


Water- 


sraeli Corrosion Group 
Holds One-Day Symposium 


Cathodic protection of irrigation net- 

tks was the subject of a one-day sym- 
posium held in Israel on August 23, 
1956 by the Israeli Corrosion Group. One 
dred fifty persons attended the sym- 
posium, 

Papers covering economic considera- 
tion of cathodic protection, field surveys, 


Futererence problems, and design and 


nstallation considerations were pre- 
sented. Economics of cathodically pro- 
‘ectng lod leaky networks was given 
special attention in discussions. Numer- 
is cases of interference between con- 
‘rete lined main, lock joint type and steel 
les were cited. Many were based on six 
years experience with cathodic protec- 
tion, The interference was said to cause 
‘rious Corrosion in some soils. 


Dov Spector, Consulting Corrosion 
‘ngineer of Tel Aviv, Israel is chair- 
man of the Israeli Corrosion Group which 
as organized in 1954 under the Asso- 
ation of Engineers and Architects in 
‘rael. The group has planned an active 
gram for the fall and spring includ- 
‘educational lectures, technical papers 


‘Visits to cathodic protection instal- 
ations, 


NBS Laboratory to Move 


_ Washington NBS laboratories are to be 
“ocated on a 550-acre site selected 
mere Gaithersburg, Md. The bureau’s 
“sent site was occupied first in 1903. 


TY V a, 


Tracers on Refinery Scales 
Discussed at Los Angles 


Presented at the September 17-21 
Second Pacific Area National Meeting 
of American Society for Testing Ma- 
terials were the following paper con- 
cerned with radiation effects: 

Refinery Scale Applications of Ra- 
dioactive Tracers, V. P. Guinn, H. R. 
Lukens, Jr. and D, C. Wagner, Shell 
Development Co. 


Ne . 
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Steel Founders’ Society 
Offers Prizes for Papers 


Prizes ranging from $1000 to $100 in 
two classes have been announced for 
the Third Products Development Con- 
test of the Steel Founders’ Society of 
America. The prizes are awarded for 
contributions covering a wide range of 
topics. Information is available from 
Product and Market Development Com- 
mittee, SFSA, 606 Terminal Tower 
Bldg., Cleveland 13, Ohio, 


Chromates never take a vacation from their work in controlling corro- 
sion. There is never a seasonal lay-off for these effective inhibitors. 
Summer, winter, fall and spring — chromates continue to be essential in 
efficiently protecting such equipment as cooling towers, evaporative 
condensers, air conditioning units, diesel engines, automobile radiators, 
boilers, pasteurizers, freezing plants, ice cans, and ammonia absorption 


systems. 


But there is a way for you to take a vacation from your corrosion prob- 
lems. Let Chromium Chemicals do the job. Mutual, a dependable source 
of supply for the highest quality Chromium Chemicals, will be glad to 
help you decide which is the best chromate to fit your requirements. 


SODIUM BICHROMATE 
POTASSIUM BICHROMATE 
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CHROMIC ACID 


SODIUM CHROMATE 
POTASSIUM CHROMATE 


MUTUAL CHEMICAL DIVISION 


———————- ALLIED CHEMICAL & DYE CORPORATION 
99 PARK AVENUE - NEW YORK 16, N. Y. [=~] 
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Open Trash Fires Banned Precision Way to Check 
In Los Angeles County Standard Mass Described 


By agreement between the Air Pollu- A 
tion Control District, City of Los An- 
geles and fire departments of the cities 
of Long Beach and Pasadena open fires 
are prohibited for all but a limited num- 
ber of purposes. 


motion picture demonstrating a 
precision method of checking the mass 
of an “unknown” standard by compari- 
son with one of a known value is avail- 
able for loan or sale from Office of 
Technical Information, National Bureau 
The City of Angeles has com- of Standards, Washington 25, D. C. The 
pleted arrangements to pick up and dis- 16 mm color and sound film runs 22 
pose of combustible rubbish preliminary M™utnutes, 
tan the fannie or marie Chaniber acini: _The film also demonstrates the tech- 
iy nique of “tolerance testing’ a simpler 
erators October 1, 1957. : : ; 5 pees 
‘ 5 : ; os : procedure used when determining 
se ostponing of outdoor burning until whether or not an error in a standard 
after concentration is within certain prescribed limits. 
have passed and formation of car pools S 
the air pollution 


Los 


periods of smog 


is recommended by 
control district. 


Corrosion’s Technical Section is indexed 
annually in December. 


REDUCE 
‘MAINTENANCE 
COsTSs- 


Avoid Corrosion 


by using the following products: 





NERVATAPE 
PRESSURE SENSITIVE TAPES 


With polyethylene or vinyl backing to 
solve your pipeline corrosion problems. 


NERVA-KOTE CORROSION RESISTANT 
HEAVY DUTY COATINGS 


A variety of plastic and synthetic rubber coatings for spe- 
cific protective uses on steel, concrete, wood and masonry. 


NERVA-PLAST CEMENT 


Completely waterproof and impermeable 
all-weather coating and mastic. 


For complete particulars on these products, please use coupon. 





RUBBER & PLASTICS COMPOUND CO., Inc. 


30 Rockefeller Plaza, New York 20, N. Y. 


Please send me the literature checked below: 


(.] NERVATAPE technical bulletins (] NERVA-KOTE technical brochure & guide 
] NERVA-PLAST technical bulletin 
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BOOK REVIEWS 
—+-—araegeliatiendesisameca ann 


Ship Bottom Coatings and Ship Paint. 
ing Remedies. (In German) 4]2 Dages 
6 x 8 inches, cloth. 1955. By Manfred 
Ragg. Wilhelm Pansegray Verla 
Uhlandstrasse 102, Berlin-Wilmere 
dorf, Germany. Per copy, DM 52 
A revised and expanded edition of an 
earlier work (1925). Thorough examina. 
tion of the theoretical and practical 
aspects of coatings used on surfaces of 
ships, inside and out. Data are given on 
formulations, application methods, jp. 
cluding primers, cathodic protection, ef- 
fect of marine life, organic and inorganic 
coatings, laboratory methods of testing 
materials and numerous other activities 
involved in protecting ships against cor- 
rosion. 
There are alphabetical 


e subject and 
authors’ indexes. 


Annotated List of Publications of the 
Research and Technology Division, 
United States Steel Corp., 1929-55, 28 
pages 8% x 11 inches, paper, 1956, 
Published by United States Steel 
Corp. Availability not indicated. 

Nearly 600 abstracts of articles prepared 

by U. S. Steel researchers during the 

years covered are arranged chronolog- 
ically and topically. There is an author 
index. 


Elevated Temperature Properties of 
Coppers and Copper-Base Alloys, By 
Claire Upthegrove and Henry L, 
Burghoff. 244 pages, 8% x 11 inches, 
paper. April, 1956. American Society 
tor Testing Materials, 1916 Race St, 
Philadelphia 3, Pa. Per copy, $5.50. 

Graphed and tabulated data on the ele- 

vated temperature properties of wrought 

coppers and cast and wrought alloys of 
copper. Included are modulus of elas- 
ticity, tensile strength, yield strength, 
reduction of area, elongation, stress for 
creep rates at three values and stress 

for rupture in four periods from 100 t 

100,000 hr. Temperatures are in rang 

300-900 F for most tests while rupture 

tests were made at 300-400 F. 
This is one of the reports prepared 

under auspices of the Data and Publi- 

cations Panel of the ASTM-ASME 

Joint Committee on the Effect of Tem- 

perature on the properties of metals. 


Major Activities in the Atomic Energy 
Programs, January-June, 1956. 26) 
pages, 6 x 9 inches, paper. July, 1956 
United States Government Printing 
Office, Washington 25, D, C. Per 
copy, $1.25, 

Most recent in the series of reports 1 

Congress by the United States Atomic 

Energy Commission. 


Naval Research Publication 
Available by Subscription 


} 
Report of NRL (Naval Research Lab 
oratory) Progress, published month} 
by the Naval Research Laboratory 
available now by subscription at annts 
rates as follows: Domestic, $10; torets® 
$13. Orders should be addressed : 
Office of Technical Services, 2 
Dept. of Commerce, Washington + 
ac. 
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Demonstration on glass proves DeVilbiss 


Hot Spray cuts finishing costs 


‘prepared 
id Publi- 
-ASME 
of Tem- 
metals. P yon ‘ 
Now, using a DeVilbiss Paint Heater, one coat sprayed hot generally 
covers better than two or more cold-sprayed coats! More paint 
reaches a surface and stays there . . . because thinning paint with 
heat — rather than with solvent — permits application of higher solid- 


content material for heavier coats and greatly reduced overspray. 


c Energy 
1956. 26 
uly, 1956. 
Printing 
Caz 

This superior finishing method saves up to 50% in material and 
labor costs; may be used on all types of products—from autos, 
furniture, and appliances to military tanks. For facts on how much the 


DeVilbiss Paint Heater can save you, call your DeVilbiss supplier! 
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DeVilbiss Hot-Spray system is foolproof; 
adapts to multiple gun hook-ups. Hot 
tion water from master heater (1) heats paint 
n exchangers (2); heat-jacketed hose THE DeVitBiss COMPANY FOR BETTER SERVICE, BUY 
«semblies (3) keep paint hot right up Toledo, Ohio 


at anna limes at each oun Santa Clara, Calif. © Barrie, Ontario D) a Vf LB H HS 


London, England 


ation 
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Write for Bulletin 1E-114 for complete data on DEVILBISS HOT SPRAY 
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Polyvinyl Chloride pipe with a gener- 
ally thinner wall and larger inside diam- 
eter is said by Alloy Tube Div., The 
Carpenter Steel Co., Union, N, J. to 
have a uniform pressure rating in all 
sizes. Two types of pipe in the new 
series provide high chemical resistance 
at a maximum working pressure of 150 
psi at 75 F while the other has high im- 
pact strength at 125 psi at same tem- 
perature. Sizes range from ™% inch to 
4 inch in 10 and 20-foot lengths with 
plain ends. Solvents cement fittings are 
available. 

& 
Chlorine Dioxide’s uses in water purifi- 
cation when the breakpoint of chlorine 
is not adequate to remove taste and 
odor are described by Eric R. Wood- 
ward, Olin Mathieson Chemical Corp., 
460 Park Ave., New York 22, N. Y. in 
a paper given at the Annual Meeting of 
the Pennsylvania Water Works Opera- 
tors Association. 

2 
Beckman Electrolytic Hygrometers are 
recommended by manufacturers, 2500 
Fullerton Road, Fullerton, Cal. to meas- 
ure water vapor in air and other gases 
down to one part per million. Bulletin 
498 describes the hygrometers. 

e 
Cal-Metal Corp. and Torrance Specialty 
Fixtures, Inc., are constructing for op- 
eration beginning in 1957 a 5 to 7 thou- 
sand ton capacity electric resistance 
welded pipe mill at Mengel Road and 
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L&A Railroad, Baton Rouge, La. Pipe 
from 6 through 16 inches diameter will 
be made to API, ASTM and AWA 
specifications. The plant’s capacity will 
be increased to about 100,000 tons an- 
nually. 
6 
Acid Sludge Disposal problems at the 
U. S. Steel Corporation’s Clairton, Pa. 
chemical department will be eliminated 
by a new light oil refining plant to be 
constructed there by Koppers Co., Inc. 
The new plant will purify light oil, a 
chemical by-product from coke oven 
operation by catalytic pressure refining, 
replacing existing sulfuric acid proc- 
esses. Among the benzene, xylene, tolu- 
ene and aromatic fractions to be ob- 
tained are benzenes with a_ thiophene 
content of less than one part per million. 
C 

Fluorocarbon Resin hose jacketed in 
stainless steel wire braid is used in a 
500-600 psi, 160-180 F painting machine 
hose designed to deliver solvents near 
boiling point to the sprayer head. The 
airless spray system, by reducing over- 
spray, reduces coating material con- 
sumption by as much as 50 percent, 
Sede Products Corp., Amherst, Ohio 
says. The hose assembly was made by 
Resistoflex Corp., Roseland, N. J. The 
tube is inert to solvents in paints and 
lacquers, is tested to temperature up to 
500 F and pressures to 3000 psi. Atom- 
ized paint particles hit the surface to 
be painted hot in this system. 


The WILKINSON LINE LOCATOR 


SEES WHERE YOU CAN’T 


It will instantly locate all subsurface pipes, cables and such, and de- 

termine their depth too. The etched circuitry, our latest innovation, 

assures better quality control and performance than the customary hand 

wiring method. You can avoid damaged structures and loss of time with 
the Wilkinson Line Locator. 


WILKINSON PRODUCTS COMPANY 


3987 Chevy Chase Drive, PASADENA 3, CALIFORNIA. SYlvan 0-4314 


Fuel Cell batteries which produce elec. 
tricity from such gases as hydrogen anj 
oxygen are under study at the ney 
Parma, Ohio Basic Research Labora. 
tories of National Carbon Company, 4 
Division of Union Carbide and Carbo, 
Corp. The cells would operate contip. 
uously, as long as oxygen and hydroger 
are fed into them, according to Rober 
G. Breckenridge, director. 
° 

Durco-Enzinger filtration stations {o; 
pilot plant or small batch operations are 
available from The Duriron Co,, Inc 
Dayton 1, Ohio. The portable stainless 
steel units come with either wet or dn 
cake discharge, a tailings leaf and 4 
steam-jacketed filter shell. Valves are 
Durco Type F with Teflon sleeves, the 
pump Series R Durcopump and the 
complete unit, including piping either 
Type 316 Durimet stainless steel, 


e 
Sonogen Model AP-10-B, a compac: 
bench top ultrasonic cleaning instrument 
is available from Branson Ultrasoni 
Corp., 37 Brown House Road, Stan- 
ford, Conn. It comprises at 36-40 ke/se 
power generator and a cylindrical clean. 
ing tank with hermetically sealed tran 
sistors in the base. RF power output 
averages 50 watts, with 200 watts peak 
on pulses. 

e 
Flexide, a new air-drying finish used or 
steel battery trays by Exide Industria 
Div., Electric Storage Battery Co., Phil- 
adelphia is highly resistant to abrasio1 
and acid. On the spot repairs can b 
made without the necessity of baking 
as with other finishes previously use 
manufacturers say. 

w 
Rexton Finishes, Inc., Irvington, N. | 
has developed an industrial finish based 
on Bakelite epoxy resins which adheres 
to the glossiest phenolic surfaces, Th 
new enamel is said by manufacturers | 
have excellent heat, corrosion, chemica 
and abrasion resistance. Theoretical ma 
terial cost for industrial users is abou! 
one cent a square foot, Use of primers 
and multiple coats is no longer neces 
sary. 

e 
Magnetostriction type transducers mat- 
ufactured by Acoustica Associates, Inc 
Glenwood Landing, L. I., New Yor 
are designed for large scale ultrasonic 
cleaning, degreasing, descaling and other 
operations. Model AM-203B is use 
with mating stainless steel jar or 
mounted externally on a tank or troug! 
only the Teflon face is in contact Wl! 
solution, Average applied RF power * 
66 watts/sq. in. of radiating area. Cor 
version efficiency is said by manuta 
turers to approximate 70 percent 
applied power. 

a 
No-Ox-Id Safeguard, a new walt? 
based, non-flammable, corrosion preve! 
tive coating has been developed,» 
Dearborn Chemical Co., Chicago. ** 
water emulsion of waxes and oi 
combined with a selected corrosio! © 
hibitor to give a protective film. * 
wax type coating, after brief dry 
cannot revert to emulsion and will ! 

(Continued on Page 102) 
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Underground or underwater, there’s no need 
to suffer from corrosion headaches. This system 
tells you at a glance whether it’s operative or 
not—and how effectively it’s working. Impressed- 
current cathodic protection using “National” 
Graphite Anodes assures you low-cost dependable 
protection for your valuable investment. 


Long life at low cost. Graphite’s outstanding 
economy as a cathodic protection anode material 
has been proven by many years of service in 
soil and water environments. For example, a 
-“National” standard 3” x 60” plain graphite 
anode, costing less than $10, provides service 
life of over 100 ampere years when installed in 
soil in carbonaceous backfill. In salt water, the 
advantages of graphite are even more outstand- 
ing. A similar anode of NA graphite, costing less 
than $12, has an estimated service life of approxi- 
mately 500 ampere years at current densities as 
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high as 10 to 15 amperes per square foot! 
Adaptable to your needs. ‘National’ Anodes 
bring you graphite’s advantages as a cathodic 
protection anode material in convenient, easy-to- 
use form. For burial in soil, standard cylindrical 
anodes are available in 3” x 60” and 4” x 80” sizes 
with either end cable connection or the Type QA 
connection, unsurpassed for strength, flexibility 
and dependability. Additional anode sizes are 
available for use in marine applications, including 
convenient plates for ship hull mounting. For 
distributed anode systems in soil or marine en- 
vironments, “National” Anode Type QA assem- 
bled on cable is available from stock in 2” x 12”, 
2” x 20” and 3” x 30” sizes. 


When you decide on the cathodic protection method for 
certainty, safety and economy, be sure to use “National” 
Anodes to get the best job done at the lowest overall cost. 
Write for catalog section S-6500. 


LEAD-COVERED CABLES PIPE LiNES TANK FARMS 


TIONAL Graphite Anodes 


TRADE MARK 


The term "National’’ is a registered trade-mark of Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY - A Division of Union Carbide and Carbon Corporation, 30 East 42nd St., New York 17,N. Y. 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco 
IN CANADA: Union Carbide Canada Limited, Toronto 





CORROSION-—NATIONAL ASSOCIATION OF CORROSION 


(Continued From Page 100) 


wash off outdoors, It is said to resist 
fingerprint corrosion from handling be- 
fore or after application. 

a 


Alcoa aluminum nails and fasteners will 
be available for retail sale this fall. 
* 

Viscotrol-A, a thickening agent to be 
used with paints and other coatings im- 
parts thixotropic body to polar, non- 
polar aromatic and aliphatic solvents as 
well as to nonsolvent containing liquid 
resins and plasticizers. It is a non- 
yellowing finely divided power, prac- 
tically odorless and tasteless and un- 


affected by moisture or age. Among 
other properties claimed by manufac- 
turers, Ferro Chemical Corp., 4150 East 
56th St., Cleveland 5, Ohio are control 
ot penetration, no effect on scratch re- 
sistance or adhesion. 

e 
Polyken No. 900 Protective Tape Coat- 
ing was used to power wrap 10 miles of 
30-inch line by American- Louisiana 
Pipe Line Co. in Tennessee in May, 
1956. As a result of this work a con- 
tract to wrap a 122-mile 22-inch lateral 
line for the same company has been 
secured through cooperation of Plastic 
Engineering and Sales Corp., Fort 
Worth, Texas distributor. 

a 


Organic Complexes of Molybdenum, a 
4-page bulletin available from Climax 
Molybdenum Co., Dept. L, 500 Fifth 


350 MILES OF BARE PIPE 
PROTECTED WITH GALVOMAGS 


This company asked for competitive bids on protecting 350 miles 
of bare pipeline that ran across three states. CSI was awarded 
the turnkey installation contract. 


@ Only Galvomags, Dow’s high-potential magnesium anodes, were used. 
Several thousand of these anodes were furnished by CSI. 


e All chaining, pipe locating and installation was done by CSI. 


e Care was taken to hold crop and surface damage to a minimum. In 
towns, sod was carefully replaced. 


e Power-augering equipment and ditching machines were furnished 


by CSI. 


It will pay you to get the CSI story. Stockholder-employees, 
experienced engineers and trained crews are your assurance of 


a quality installation job. 


Call or write today. Ask also about CSI’s engineering services 
and complete line of name-brand cathodic protection materials. 


CORROSION SERVICES 


P. O. Box 7343, Dept. J6 


INCORPORATED 


Tulsa, Oklahoma 
Telephone: Circle 5-1351 


ENGINEERS 


Ave., New York 36, N. Y. 
available information on the complexes 
Among other uses for the materials an 
preparation of hard phosphate couse, 
on metals. - 


describes 


9 
A Sodium-Deuterium Reactor wil] } 
constructed in Alaska by Nuclear De 
velopment Corp. of America for th 
Chugach Electric Association, Th 
10,000 KW plant, expected to go iny 
service in 1962, is expected to comple: 
costwise with hydroelectric power, |; 
will require refueling about once ever 
two years. P 


plete 


e 
Neoprene slip on caps to protect insid; 
surfaces of stored pipe from corrosior 
are made by Protokap, Inc., 625 Wey 
Bldg., Houston. 

6 

Tapecoat-SP, with a film-type, self dis. 
posing liner is available from The Tape. 
coat Company, 1523 Lyons St., Evans. 
ton, Ill, in widths of 2 to 6 inches j 
rolls 45 to 50 feet long. The film-typ 
liner permits easier and faster handling 
because it widens temperature range 
Che liner is automatically disposed. 
in the torching operation. 


e 
Gusco Plastic Cladding, a means of ap. 
plying 15-mil coatings of epoxy resins 
to large tanks by hot-spray methods has 
been developed by A. Gusmer, Inc 
Woodbridge, N. J. Liquid epoxy resins 
and hardeners are proportioned insic 
the spray gun to produce a 100 percent 
solids coatings on steel, concrete or 
wood at rates up to 500 square feet an 
hour. Resin and hardener are of di- 
ferent colors and the mixed coating is 
a third color. This permit visual con- 
trol of equipment operation. Tests on 
the coating indicate exceptional chem- 
ical resistance, manufacturers say, Cus- 
tom application at the Woodbridg 
plant is available now. 
Custom-Line cathodic protection recti- 
filers manufactured by Electrical- 
Mechanical Div., Good-All Electric Mfg 
Co., Ogallala, Neb. are featured by com- 
pactness, light weight and ease of in- 
stallation. The new case has a simple 
hinged door. Either or both sides are 
removable by unfastening two seli- 
treading bolts. The top also is remov- 
able. New transformer and panel (e- 
signs are featured also. 

e 
Chemical Resistant Coatings for pro- 
tection of metals from corrosion ar 
described in a four-page brochure avail 
able from Metal and Thermit Corp, 
Rahway, N. J. Three classes of coating 
described are: Ucilon systems applie/ 
like paint; Unichrome plastisol com- 
pounds for heavy duty service and Uni- 
chrome special materials for drum an 
tank lining. Materials include vinyls 
epoxies, phenols, rubber, fish oil, vinyl 
Thiokol and Neoprene types. 

° 
Plant Maintenance and Engineerit 
Show will be held in Cleveland Jan 
28-31. 

e 
Scav-Ox, a solution of 35 percent hy: 
drazine in water, has no flash or hre 
point but retains all the effectiveness 
hydrazine as an oxygen scavenger alll 
rust inhibitor, according to Olin Mathie 
son Chemical Corp., 460 Park Av¢ 
New York 22, N. Y. The compound’ 
safety now makes it available tor 


(Continued on Page 103) 
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From Page 102) 

One pound of hydra- 
emove as much oxygen 
m water as cight pounds of sodium 
wlfte. It also has the advantage ot 
{ putting so ds into the water. 

o 

Radiographic jacilities using cobalt 60, 
jum 192 and cesium 137 have been 
led to the inspection methods avail- 
le through the Houston office of Mag- 
fux Corp. 


(Contini 


small boile: 
ve is said te 


Tygon Protective Coatings Bulletin No. 
‘a manual available from Robert 
ltenstein, Plastics and Synthetics 
,. U. S. Stoneware Co., Akron 9, 
io describes all the materials avail- 
ble from this company for corrosion 
otection, Characteristics of the firm’s 
atings, rust removers, primers, hot 
gray finishes are given. Included also 
ye techniques for surface preparation 
ind application. 

° 
Nocaust-NC 200, an alkaline cleaner 
that has no free caustic is recommended 
; manufacturers John B. Moore Corp., 
Nutley, N. J. as safe for degreasing, 
tripping and cleaning of hard and soft 
etals, rubber, plastics and other ma- 
tials, After mixing with water the 
ily recommended safety precaution is 
the use of gloves, if the hands are to 
ntact the material. 

* 
Dynel mat, consisting of multiple webs 
{ Dynel, is a resilient sheet material 
that can be made in various thicknesses, 


GENERAL NEWS 


densities and surface textures. It has 
excellent resistance to strong alkaline 
solutions, salts, insects, mildewing, aging 
and fire. It is being used, among other 
purposes, as separators in nickel-cad- 


mium storage batteries. 


James I. Hoffman has been selected to 
head the National Bureau of Standards’ 
Metallurgy Division, succeeding John 
G. Thompson, who retired recently. 

° 


Paul V. Farafher, an authority on light 
metals standards has retired after 37 
years’ service with Aluminum Company 
of America, He was chief of Alcoa’s 
specifications section at the time of his 
retirement. 

° 


Henry Robins is now executive vice- 
president of Water Service Laboratories, 
Inc., New York. 

2 


Eraldus P. Scala has been named chief 
of the materials section, Research and 
Advanced Development Div., Avco 
Manufacturing Corp., Stratford, Conn. 
He is an authority on metallurgy and 
liquid metals. 

® 


Howard L. Cromwell has been ap- 
pointed plant manager of Stauffer Chem- 
ical Company’s Freeport, Texas opera- 
tions. He succeeds Richard Owen, now 
production manager, Eastern Agricul- 
tural Chemicals Division. 
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Robert F, Mehl, Director of Metals Re- 
search Laboratory and Head of Metal- 
lurgical Engineering at Carnegie In- 
stitute has been awarded the “Grand 
Medal of Le Chatalier” by the Council 
of the French Society of Metallurgy. 

° 
L, E. Lighton, vice-president and di- 
rector of research, Electric Storage 
Battery Co., Philadelphia has retired 
after more than 35 years with the com- 
pany. 

° 
Charles R. Funk has been appointed 
manager of metallurgy and engineering 
by Alco Products, Inc., Schenectady. 

e 
S. C. Massari has assumed the post of 
technical director of the American 
Foundryman’s Society, DesPlaines, II. 
The society is a member of the Inter 
Society Corrosion Committee. 
C. L. Bulow, corrosion metallurgist for 
Bridgeport Brass Co. has been named 
sales manager of the company’s con- 
denser and heat exchanger tubes. He 
has been with the company’s metal- 
lurgical department since 1927, filling 
successively top posts in the chemical 
laboratory and combined spectographic 
and chemical laboratories. In 1939 he 
was made head of the corrosion labo- 
ratory. Mr. Bulow, a long time member 
of NACE was active as a CORRO- 
SION correspondent for many years. 


e 
Walter L. Hardy, Foster D. Snell, Inc., 
New York has_ been elected president 
of the Cornell Society of Engineers. 

e 
G. E. Zima, a graduate of the Califor- 
nia Institute of Technology, holding 


(Continued on Page 104) 


PROTECT OIL AND GAS PIPELINES «22 
NICOLET ASBESTOS PIPELINE FELT 


¢ NICOLET STANDARD—Perforated or 


Unperforated 


* NICOLET TUFBESTOS—(Lightweight) 
* NICOLET REFLECTO—(White) 


All Glass Strand Reinforced 
BEST PROTECTS ENAMEL COATINGS 
EASILY APPLIED 


Asbesios is inorganic. We believe this inorganic material, 
which comprises the major contents of the base felt, pro- 
vides a longer-lasting shield protection for all pipeline 


enamel coatings. 


Write for your copy of the new Nicolet Catalog 


ALL INQUIRIES WELCOME 


MANUFACTURED ae 


NICOLET MS Ta UT 


Photo showing Nicolet Felt Protecting Pipeline 


70 PINE STREET 
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(Continued From Page 103) 
PhD and MS from Stanford 
merly Research and Senior Research 
Engineer at the Jet Propulsion Labo- 
ratory of the California Institute has 
joined the staff of the Bayonne Research 
Laboratory of the International Nickel 
Co., Inc. 


and _ for- 


William S. Emerson has been named 
manager of American Potash and Chem- 
ical Corporation’s research laboratory 
at Whittier, Cal. He formerly was with 
Monsanto at St. Louis, for the past 


two years as development director. 


Tee 
offer all 


NeTROTT e ee 
ANALYZED 

Assures highest degree 
of operating efficiency. 
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Charles M. Schillmoller has joined the 
staff of Inco’s West Coast Technical 
Field Section, He was corrosion engi- 
neer with Richfield Oil Corp., Los An- 
geles from August 1952 until joining 
Inco. 

@ 
Alden P. Edson, formerly a metallurgist 
at the Inco Research Laboratory, Bay- 
onne, N. J., has been added to the staff 
of the New England Technical Field 
Section of Inco. 

« 
Frank S. Kleeman, 1112 Prospect Road, 
Pittsburgh and H. Arch Mason, 712 
Ashland Ave., Buffalo, N. Y. will rep- 
resent Chromalloy Corp. in Western 
Pennsylvania and Western New York 
respectively. 


ak anodes 


LBS alt aL 3 
Perfectly bonded 
— gives more 
useful current 
per anode. 


No matter what the instal- 
lation — pipelines or well 
casing, marine or subsur- 
face — VIBRA PAK is your 
best anode buy! 


e TULSA, OKLAHOMA 


CORROSION 


ENGINEERS Vol. 2 
L. L. Whitneck has been 
president of Plicoflex, Inc. 
and appointed director of corrosion Cor 
trol and material research. He has kon 
senior harbor engineer for Long Beach 
Harbor Dept. for the past 10 years — 
: years, 
John M. Cigan, Leetsdale, Pa, js first 
recipient of a graduate fellowship j 
metallurgical engineering at Carnegie 
Institute of Technology. The scholar. 
ship is sponsored by the Zinc Smeltin, 
Division, Monaca, Pa. of St Joseph 
Lead Co. i 


elected vice. 
Los Angeles 


® 
John T, Gillespie, Jr., Morristown, N.] 
has been appointed vice-president ¢) 
lhe Debevoise Company’s new Deba- 
node Division, , 

@ 
Thomas S. Teague, supervisor of thy 
Malta Flight Propulsion Laboratory oj 
General Electric’s Aircraft Gas Turbine 
Division, Evendale, Ohio, has been ap- 
pointed manager of materials in th 
manufacturing section of the company’s 
Metallurgical Products Department 
Detroit. 

6 
Linn P. Brown, Jr., is now regiona 
manager covering New England and 
the Middle States for Royston Labo- 
ratories, Inc. His office address is 31lé 
Midvale Ave., Philadelphia. 

4 
Frederick G. Stroke has been appointed 
manager of operations in charge of en- 
gineering development and sales oi 
products in the field of nuclear energy 
and rocketry by Bettinger Corp., Walt 
ham, Mass. He formerly was researc! 
and development engineer with Olin In- 
dustries and research metallurgist for 


and was employed in various capacities 
by the Atomic Energy Commission. 

e 
Paul N. Gillon, formerly in charge of 
the Office of Ordnance Research 2 
Duke University has been appointed 
manager of the Basic Research Branel 
of The Corborundum Company's Re 
search Laboratory. He has served as 
director of the Watertown Arsenal Lab- 
oratory and as director of research ant 
development and engineering there. 

& 
Harold Margolin, 268 Nuber Ave, 
Mount Vernon, N. Y. has been name 
associated professor of engineering 4 
New York University. He is a special- 
ist in titanium research, 

e ' 
James P. O’Connor, Jr. has been namet 
sales manager of Industrial Plastic Fab- 
ricators, Inc., Endicott St., Norwoot 
Mass. 


ICl Meets November 13-15 


Influence of Vacuum Melting © 
Properties of Various Materials, R. k 
McKechnie, Research Laboratory, _ 
eral Electric Co. is among the paper 
scheduled at the November 13-15 mett 
ing of the Investment Casting Institute 
The meeting will be held at the Shera: 
ton Cadillac Hotel, Detroit. 


Chemical Exposition Set 


The Ninth National Chemical Expo 
sition will be held November 2/-# : 
Cleveland Public Auditorium. A ta 
show, technical programs and other te 
tures are scheduled. 
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ee Soit Solders for Special Purposes. (In 


cerman. ) A. ee es 9, No. 15/16, 
1e. papers A onside ae ie some experi- 
-15 meet- ane aon of solders in the melting 
Institute ectroc} 9-304C, particularly for small 
ie Sher lemical parts. Begins with a 

vey of typical compositions from the 
rene eect lead-tin-zine with ref- 
3 we to effect of silver additions on 
yet ‘tin, tin, cadmium-zine and lead 
al Expe- tical melting range, shear strength, elec- 
27-30 2 ee nctivity and weldability of 
A trate Wh sive, ee otions). Rate of solution of 
ther f° fe ti a the solders, important from 
point of view, 


is investigated 





(earlier similar work on copper men- 
tioned). Addition of silver to solders for 
small parts is recommended and solders 
on a resin basis to avoid corrosion.— 


BNF. 10942 


S.A dy SD, Bded 
Influence of Sudden Temperature 
Changes on Surface Properties of Steel. 
W. RaAveEKER. Stahl und Eisen, 75, 1252- 
1263 (1955) Sept. 22 
Crack formation and tendency thereto 
were investigated in mild, 5 chromium- 
0.5 molybdenum, 6.5 chromium, 13 
chromium and 18/9 steels following re- 
peated water-quenching (up to 500 
times) from temperatures of 300-1000C. 
Details are given of technique used. In- 
fluence of cooling-water temperature and 
notches on crack formation is discussed. 
Tests were also made in inert atmos- 
pheres. Crack formation is not related 
to existence or formation of oxide or 
scale layers and 18/8 had the least tend- 
ency to crack formation on quenching 
from 600C or less, but on quenching 
from higher temperatures this material 
became crack-sensitive. Explanation of 
phenomena observed is given.—INCO. 
10953 


3.7.3, 6.4.2 

Ultrasonic Welding of Aluminum, J. 
Byron JONES, CARMINE F. De Frisco AND 
Joun G. Tuomas. Aeroprojects, Inc. for 
E, I. duPont de Nemours. U. S. Atomic 
Energy Commission Pubn., No. DP-107, 
Feb., 1955, 48 pp. 

At various stages in the development 
of the ultrasonic welding process, test 


PHOTOPRINTS and/or 
MICROFILM COPIES 


of Technical Articles Abstracted in 


CORROSION ABSTRACTS 


May Be Obtained From 


ENGINEERING SOCIETIES LIBRARY, 
29 West 39th Street, New York 18, 
N. Y. 

CARNEGIE LIBRARY OF PITTSBURGH, 
4400 Forbes St., Pittsburgh 13, Pa. 

NEW YORK PUBLIC LIBRARY, New 
York City. 

U. S. DEPT. OF AGRICULTURE 
LIBRARY, Office of Librarian, Wash- 
ington, D. C. (Special forms must be 
secured). 

LIBRARY OF CONGRESS 
Washington, D, C. 

JOHN CRERAR LIBRARY 
86 East Randolph St., 

Chicago 1, III. 


Persons who wish to secure copies of 
articles when original sources are un- 
available, may apply directly to any of 
the above for copies. Full reference in- 
formation should accompany request. 
The National Association of Corrosion 
Engineers offers no warranty of any 
nature concerning these sources, and 
publishes the names for information 
only. 

NACE will NOT accept orders for 
photoprint or microfilm copies of ma- 
terial not published by the association. 





CODE OF AGENCIES SUPPLYING CORROSION ABSTRACTS 


Neither NACE nor the sources listed below furnish reprint copies. 


ALL—The Abstract Bulletin, Aluminum Laborato- 
ries, Ltd. P. O. Box 84, Kingston, Ontario. 

ATS—Associated Technical Services Abstracts, 
Associated Technical Services, P. O. Box 
271, East Orange, N. J. 

AWWA—Journal, American Water Works Associ- 
ation, Amer. Water Works Assoc., 521 Fifth 
Ave., New York 17, N. Y. 

BL—Current Technical Literature, Bell Telephone 
Laboratories, Inc., Murray Hi ¥ 4 

BTR—Battelle Technical Review, Battelle Memo- 
tee Institute, 505 King Ave., Columbus 1, 


0 

BNF—Bulletin; British Non-Ferrous Metals Re- 
search Association. 81-91 Euston St., London 
NW 1, England. 

CBEC—Centre Belge d’Etude de Ia Corrosion 
(CEBELCOR), 17 re des Drapiers, Brussels, 
Belgium. 

CE—Chemical Engineering, McGraw Hill Publish- 
ing Co. 330 W. 42nd St., New York 18, N. Y. 

EL—Electroplating. 83/85 "Udney Park Road, 
Teddington, Middlesex, England. 

EW—Electrical World, McGraw-Hill Publishing 
Co. 330 W. 42nd St., New York 18, N. Y. 

air Petroleum Corp. of California. 2525 
East 37th St., Los Angeles 11, Calif. 

1|M—Transactions, The Indian Institute of 
Metals, 23-B, Notaji Subhas Road, P. O 
Box 737, Calcutta, India. 

INCO—The International Nickel Co., Inc. 67 Wall 
Street, New York 5, New York. 

1P—tnstitute of Petroleum. 26 Portland Place, 
London W#1, England. 

JSPS—Japan Society for the Promotion of Science, 
ddress: Mr. Hayata Shigeno, Secretary, 
Committee of Preventing Corrosion, c/o 
Government Chemical Industrial Research 
Institute, 1-Chrome Nakameguro, Meguroku, 
Tokyo, Japan. 


MA—Metallurgical Abstracts, Institute of Met- 
als, London, England. 4 Grosvenor Gardens, 
London SW 1, England. 

Mi—Metallurgia italiana, Associazone Italiana 
di Seen Via S. Paola, 10, Milano, 
Italia 

MR—Metals Review, American Society of Metals. 
7301 Euclid Ave., Cleveland 3, Ohio. 

NALCO—National Aluminate Corp. 6216 West 
66th Place, Chicago 38, Illinois. 

NBS—National Bureau of Standards. Supt. of 
Documents, U. S. Gov’t Printing Office, 
Washington 25, DB. C, 

NSA—Nuclear Science Abstracts. United States 
Atomic Energy Commission, Technical In- 
formation Division, Oak Ridge, Tenn. 

PDA—Prevention Deterioration Abstracts. Na- 
tional Research Council, 2101 Constitution 
Ave., Washington 25, D. C. 

RAD—Reynolds Aluminum Digest, 2500 South 
Third Street, Louisville, Kentucky 

RM—-Revue de Metallurgie, Paris, France. 5 Cite 
Pigalle, Paris (9e), France. 

RPI—Review of Current Literature Relating to 
the Paint, Colour, Varnish and Allied Indus- 
tries, Research Association of British Paint, 
Colour & Varnish Manufacturers, London. 
Waldegrave Rd., Teddington, Middlesex. 

SE—Stahl Und Eisen, Verlag Stahleisen, M. B. H., 
Dusseldorf, August-Thysen Str. 1. Posts- 
check Koln 4110, (22a) Dusseldorf, Germany. 

TIME—Transactions of Institute of Marine Engi- 
neers. 85 The Minories, London EC 3, Eng- 
land. 

UOP—Universal Oil Products. 310 South Michi- 
gan Ave., Chicago, Illinois. 


ZDA—Zinc Development Association. 34 Berkeley 
Square, London W.1. 
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coupons of 2S aluminum were prepared 
to evaluate weld strength, the effect of 
thermal cycling up to 350C and corro- 
sion resistance in an environment of 95C 
aerated, distilled water. Substantial im- 
provement in weld strength was obtained 
during the term of the program and 
metallographic examination revealed good 
solid-phase bonding in isolated areas of 
the ultra-sonically affected zone. Ther- 
mal cycling up to about 250C had no 
effect on weld strength, although higher 
temperature produced an adverse effect; 
improvement in thermal shock resist- 
ance may be possible. No effect of the 
corrosion environment was observed in 
five months of exposure. The signifi- 
cance of surface cleaning on weld qual- 
ity was not clearly established. (auth).— 


NSA. 10425 


3.7.3, 6.4.2, 3.6.6 
Joining of Aluminium to Other Met- 


CORROSION——-NATIONAL 


ASSOCIATION OF 


als. (In German and French.) E. Zur- 
BRUGG. Aluminum Suisse, 5, No. 4, 122-127 
(1955) July. 

Electrochemical behavior of commer- 
cially-pure aluminum in contact with 18 
other metals or aluminum alloys is dis- 
cussed; protection of aluminum in con- 
tact with other metals, e.g., in riveting; 
effect of natural oxide film and _ thick- 
ened anodic film.—BNF. 11054 


Sided tok 

Surface Finish on Metals. Am. 
Metals Ctte. on Surface Finish. 
Progress, 68, No. 2-A, 82-88 (1955) 
gust 15, 

Surface finish is defined as the devia- 
tion from an ideally smooth condition 
of the exterior of an object. Symbols 
and conventions; instruments for meas- 
uring surface finish; selection of finish; 
finish and performance; journals and 
plain bearings; piston pins; cylinder 
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bores; anti-friction bearings; tightnes 
of joints; influence of processing method 
typical finishes on machine parts.—BNF 
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ee 
3.8 Miscellaneous Principles 


———. 
3.8.3, 6.2.2 

Nature of the Passive Film on [ro 
in Concentrated Nitric Acid. H, } 
Untic AND T. L. O'Connor. Paper befor 
Electrochem. Soc., Boston, October 3.7 
1954. J. Electrochem. Soc., 102, No, if 
562-572 (1955) Oct. 

Film responsible for passivity whey 
iron is immersed in concentrated nitric 
acid is ferric acid or a related higher 
valence iron compound. This was proved 
by demonstrating formation of chro. 
mates when a 2.84 chromium-iron allo 
is passivated, he showing complete Sup- 
pression of the iron-nitric acid reactio 
when iron is previously immersed } 
potassium ferrate solution and by im. 
mersing passive iron in sodium hydrox. 
ide and observing higher valence iroy 
compounds displaced from the surfac 
by adsorbed OH. The maximum oj 
2x 10° mole ferric acid/cm’ found is th 
same order of magnitude as moles chro- 
mate adsorbed on iron from chromate 
solutions as reported by others. This 
amount of ferric acid, when it decon- 
poses, forms a film of ferric oxide 40-125 
A thick, which thickness range agrees 
with that of residual oxide films on pas- 
sive iron, 39 references.—INCO. 1107! 


3.8.4 

A Study of the Structure of Abraded 
Metal Surfaces. L. GruNperc ANd K. 
R. Wricut. Proc, Roy. Soc. (England), 
Series A232, No. 1190, 403-423 (1955) 
November 

Kramer and other workers have found 
that freshly abraded metal surfaces pro- 
duced counts when placed beneath open 
Geiger-Muller tubes. It has also been 
shown that such surfaces give photo- 
electrons at wavelengths longer than 
the photo-electric threshold of the metal. 
The latter effect was investigated in 
the present work. The emission at dit 
ferent ranges of wavelength was studied 
for a number of freshly abraded metals 
All the metals investigated give emis 
sion in the range 3000 to 3700 A, while 
aluminum, magnesium and zine gave 
emission also in the visible range A 
strong emission peak was found at 4/0 
A. (2.64eV.) and a smaller peak at about 
5200 A. A broad band at 6000 to 70 
A. was also found to be present. The 
emission current increased as the squat 
of the negative potential applied to the 
specimen, so that the ‘activity’ of 3 
specimen, a, could be defined as counts 
min. “V.~. The emission current also im- 
creased with the intensity of illuminé 
tion, The decay of the emission peak at 
4700 A. from abraded aluminum was 
studied in detail. When the specime! 
was kept in an inert atmosphere (argo?) 
and in darkness, the decay followed th 
equation for a first-order reaction wit 
a rate constant ki = 1.5 X 10°S*. Cor 
tinuous illumination and flow of ems 
sion current increased the rate of deca) 
Unfiltered high-intensity illuminati! 
caused temporary fatigue of the ems 
sive properties. When specimens Wert 
kept in atmospheres containing oxyse? 
decay was more rapid. The decay in the 
presence of oxygen was found to follow 
the equation a, = a,/(1 + ket)’, where * 
denotes the activity, 4 the initial activ: 
ity, ‘ the time and k: 


a rate constatt 
e 
which increased proportionally with th 
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concentration of oxygen in the gas. The 
distribution of the activity in depth was 
investigated and it has found that when 
an outermost ‘dead’ layer had been re- 
moved by etching, a layer of high ac- 
tivity was encountered, which extended 
to 5 to 10u below the surface. The sug- 
gestion by other workers that the emis- 
sive properties derived from the metal 
and depended on exothermal processes 
was found untenable. Emission in the 
visible range, observed with metals 
which give ‘excess-metal’ oxides, is due 
to lattice imperfections in the oxide. The 
peak at 4700 A. is thought to be due to 
excited F/-centers (oxygen ion vacancies 
occupied by two electrons) which, when 
returning to the ground state, cause 
emission from shallow centers near the 
surface. The nature of the structure re- 
sponsible for the other peaks and hands 
is yet uncertain. (auth)—ALL. 10934 


3.8.4 

Electron Emission and Other Phe- 
nomena. L. Grunserc. Research, 8, No. 6, 
210-214 (1955) June. 

The investigations described refer to 
the established fact that freshly disturbed 
metal surfaces emit low energy elec- 
trons or negative ions. The study of 
these phenomena has, in the past, been 
mainly carried out by X-ray or electron 
diffraction methods, or by the formation of 
photographic images from freshly de- 
formed metal surfaces. A recent method 
uses open-ended Geiger counters for the 
measurement of small electron currents 
produced and the pertinent apparatus is 
described, This equipment can be used 
for studying the decay of the emissive 
properties or their change with the tem- 
perature application. A further refine- 
ment is obtained by the application of 
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the photo-electric method. It has been 
observed that freshly abraded surfaces 
of aluminum, magnesium and zine and 
also evaporated films of aluminum, when 
illuminated with light in the visible 
range, emitted electrons. To get a closer 
insight into the nature of this emission, 
2 photo-electron counter was developed. 
The apparatus and its operation are de- 
scribed in detail. Various hypotheses are 
proposed and it is stated that metals 
which have a tendency to form oxides 
containing an excess of metal, such as 
aluminum, magnesium and zinc, show 
the emission peak at 4700 angstrom unit, 
which corresponds to the blue range and 
this peak can be accounted for by the 
presence of a definite lattice imperfection 
in the deformed oxide. The Russel-effect 
is discussed and further investigations to 
be undertaken in this field are indicated. 
—ALL. 10587 


3.8.4 

The Oxidation of Metals. U. R. Evans. 
Revs. Pure and Appl. Chem. (Australia), 
5, 1-21 (1955) March. 

Discusses the conditions determining 
oxidation, movement of vacancies, effect 
of minor constituents, cation or anion 
mobility, boundary reaction, tunnel, ef- 
fect mechanism arid equations represent- 
ing the effect of cavities or obstructions 
and lateral growth. Graph. 64 references. 
—BTR. 10512 


3.8.4, 3.2.3, 6.2.2 

Kinetics of Surface Reactions of Met- 
als. Part I. Iron. D. N. Sowarps Anp N. 
HACKERMAN. Paper before Electrochem. 
Soc., Wrightsville Beach, September 
13-16. 1953. J. Electrochem. Soc., 102, No. 
6, 297-303 (1955) June. 

To provide information about the ini- 
tial conditions of film formation, reaction 
of iron with dilute aqueous acetic acid 
was studied in a closed sysetm with a 
nitrogen atmosphere at 34C. Extent of 
reaction is directly proportional to expo- 
sure time. Reaction rate is a function of 
acidity, flow rate, gaseous atmosphere 
composition, temperature and nature of 
adherent reaction products. Total activ- 
ity and type of local activity changed 
with exposure conditions; this is explained 
in terms of defect structure of film on 
metal. Graphs, 24 references.—INCO. 


10399 
3.8.4, 2.3.9 

Magnetic Materials. R. M. Bozorrn. 
Sci. American, 192, No. 1, 68-70, 72-73 
(1955) January. 

Recent advances in the theory of Mag- 
netism have explained why just certain 
materials, such as iron, cobalt and nickel 
are magnetic and what happens to such 
materials when they are magnetized. 
Iron is composed of many small mag- 
netized regions called “domains,” each 
consisting of millions of atoms and be- 
comes magnetized when an outside force 
lines up the domains in the same direc- 
tion. Bell Telephone Laboratories per- 
fected a technique for outlining the do- 
mains, which are separated by “walls,” 
with particles of iron oxide in colloidal 
suspension, making it possible to observe 
the behavior of the domains when sub- 
jected to various experimental manipula- 
tions. The relationship of magnetostric- 
tion to domain structure is considered 
and domain patterns of iron and cobalt 
are compared and illustrated by photo- 
micrographs. Two new kinds of magnetic 
materials, the ferrites and the pressed- 
powder magnets, have been discovered. 
Particles in powder magnets are small 
enough to be single domains without 
walls and require a very strong magnetic 
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field change their direction. When ce 
tain amounts of iron, cobalt, nickel, a 
num and copper are cast into an allo, 
tiny domains are isolated from on, 
another by thin films of somewhat di. 
ferent composition. The ferrites inte 
oxides combined with oxides of ‘other 


metals, make very powerful magnets and 
have extremely high electrical resistivity 
The structure of NiFe:Os is described ik 
lustrations, photomicrographs, table 
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4. CORROSIVE ENVIRONMENTS 


a 
4.5 Soil 


ce 


4.5.1 

Galvanic Corrosion in Undergroun; 
Steel. T. R. B. Watson. Can. Metals, 1% 
No. 2, 18-20 (1955) Feb. 

Examination of the main causes 
metal corrosion with emphasis on ¢h 
behavior of underground steel pipe. Us 
of cathodic protection is discussed. Dis 
grams.—I NCO. 1104" 


4.5.3, 5.2.1 

Reference Electrodes: Where to Plac: 
Them. L. P. SupraBin np J. A. Lex 
MANN. Petroleum Engr., 27, No. 3, D2 
D35 (1955) March. 

Optimum position of the reference 
electrode relative to the pipeline, base 
on the concept of cathode polarizatio: 
is discussed and practical examples 
electrode spacing are given. Severe pit: 
ting is not necessarily prevented }y 
burying the pipe line in a high resistiy- 
ity soil. Kor best results, a good coating 
system, cathodic protection and elimine- 
tion of stray current and _interferenc: 
are required. 109%¢ 


4.6 Water and Steam 


4.6.1, 5.8.2 

The Use of Lime in Corrosion Con- 
trol. T. C. MILter, Virginia Polytechnic 
Institute, Bulletin, Engineering Exper: 
ment Station Series No. 102, 48, No. ll, 
17-19 (1955) August. 

Use in controlling corrosive properties 
of water.—BTR. 1091 


4.6.2, 7.1 

Influence of Steam Admixtures on the 
Durability of Turbine Blades. (In Ger 
man.) M. Werner. Brennstoff-Warm- 
Kraft, 7, No. 10, 433-439 (1955) Oct. 

Investigates action of pH on Date 
deterioration; evaluates Splittgerber ané 
Pohl’s hypothesis of sulfide action 
nickel steel turbine blades. Photographs 
micrographs, graphs, tables, diagram. » 
references.—BTR. 1104 
ee 


4.7 Molten Metals 


and Fused Compounds 
cil at ir a a a er 


4.7, 3.8.4 
The Oxidation of Lithium. Report 
Progress to April 5, 1955. ©. Tyzack 
And P. B, Loncton. Gt. Brit. Culchet 
Labs, Culcheth, Lancs, England, RDB(©) 
TN-131, June 15, 1955, 10 pp. 
The reaction between dry oxyge? © 
lithium at constant pressure over - 
range 0 to 760 mm Hg and at temper 
tures from 25 to 900C has been inves 
gated. The variation of ignition temper? 
ture with pressure has been investigate’ 
and shown to be pressure depen 


(auth). —NSA. 
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5. PREVENTIVE MEASURES 


5.2 Cathodic Protection 


ao 

Cathodic Protection on Sheet Pile of 
Amagasaki Port Under Rectifier Sys- 
tem. T. Orope, J. OyYAMA AND M. Ora. 
Corrosion Engineering, 4, No. 1, 31-34 
(1955) Feb. 

The sheet piles of Amagasaki Port 
have been cathodically protected by 
magnetite electrodes and selenium recti- 
fiers. Total length of embarkment is 
about 610 ft., and area of protected sur- 
face about 40,000 ft. 54 magnetite 
electrodes, each 2% in. dia. 3 ft. long 
were provided; total current 166 A. 

The results obtained are excellent, the 
desired effect having been fully achieved 
as verified by the measurement of the 
pile surface to sea-water potential—JSPS. 

10926 


sq. 


5.2.2, 8.9.5 

Preventing Corrosion of Ships with 
Zinc and Magnesium Protectors. I. D. G. 
Berwick. Canadian National Research 
Council, Technical Information Service 
Report No. 44, September, 1955, 11 pp. 

Corrosion mechanisms; application and 
use of zinc and magnesium anodes. Dia- 
grams.—BTR. 10686 


5.2.3 

Final Report on Four Annual Anode 
Inspections: A Report of Technical Unit 
Committee T-2B on Anodes for Im- 
pressed Current. T. J. MarrLanp, Chair- 
man. Corrosion, 12, No. 1, 47t-58t (1956) 
Jan. 

Four test ground beds were installed so 
that comparative data could be obtained 
concerning the performance of steel anodes 
in natural soil, carbon and graphite anodes 
in natural soil, carbon and graphite anodes 
in carbonaceous backfill and steel anodes 
in carbonaceous backfill. Representative 
anodes were inspected at one year inter- 
vals with the final inspection coming 
four years after the beds were set up. 

Of the anode types tested it was found 
that graphite anodes in a carbonaceous 
backfill gave the best results. Recom- 
mendations were made concerning the 
installation of anodes, the selection of 
ground bed sites and the use of various 
backfills. 10571 


5.3 Metallic Coatings 


5.3.4 

The Effect of Very Small Additions 
of Aluminium on the Surface Oxidation 
Rate of Molten Zinc. N. B. RurHEeRForD 
AND R. W. Tuortey. Metal Finishing J., 
1, No. 3, 128-129 (1955) March. 

It has previously been found that the 
addition of as little as 0.01 percent of 
aluminum to pure zinc (99.995 percent) 
reduces the oxidation rate of tranquil 
melts to practically zero and of air- 
agitated melts to a fraction of 1 percent 
of the rates for melts free from alumi- 
num. The present tests have extended 
this work down to aluminum contents 
of 0.002 percent, so covering amounts of 
the order usually present in general 
galvanizing baths (approximately 0.005 
percent), These small amounts of alumi- 
num proved effective in preventing pro- 
gressive oxidation and, theoretically, it 
is likely that aluminum contents many 
times smaller would markedly reduce 
oxidation rates.—ZDA. 10544 
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5.3.4 

Electroplating of Precious Metals. S. 
W. Bater. Ind. Finishing, 8, No. 82, 203- 
209 (1955) April. 

Survey of processes in current use for 
electroplating silver, gold, rhodium, pal- 
ladium, and platinum. 16 references.— 


BNF. 10478 


5.3.4 

Fused-in-Place Spray Metallised Coat- 
ings. S. Tour. Welding J., 34, No. 4, 
329-336 (1955) April. 

Techniques for metal spraying and 
fusing; development and advantages of 
fused sprayed metallic coatings; ex- 
amples of alternate sprayed layers of 
nickel-chromium-boron-silicon (self- 
fluxing) and nickel-chromium, Monel or 
Hastelloy (nickel-molybdenum-iron) 
(non-self-fluxing); spraying and fusion 
of aluminum, nickel-chromium plus alu- 
minum, Monel plus aluminum, stainless 
steel plus aluminum, nickel plus zinc, 
etc. 19 photomicrographs.—BNF. 10360 


5.3 4 

Spotting-Out and Staining on Plated 
Work. G. B. HocaAsoom, Jr. Metal Finish- 
ing, 53, No. 5, 54-55 (1955) May. 

It is pointed out that such defects, 
usually attributed’ to insufficient rinsing 
after plating, may also be due to an in- 
soluble precipitate formed, by some se- 
quences of cleaning solutions, in holes, 
crevices, etc —BNF, 10378 


5.3.4 

Coating Weights, Yields and Losses 
in the Wire Spraying Process. (In Ger- 
man.) H. Retnincer. Metalloberflache, 9, 
No. 6, 81B-85B (1955) June. 

Experiments in spraying zinc, alumi- 
mum or 50/50 mixture on to steel. There 
are fluctuating losses. Losses are di- 
rectly proportional to amount of wire 
used.—BNF. 10622 


5.3.4, 6.6.8 

Electroless Nickel Deposition—Acti- 
vation of Non-Metallic Surfaces, F 
PEARLSTEIN. Pitman Dunn Lab. Metal 
Finishing, 53, No. 8,°59-61 (1955) Aug. 

Simple immersion of polystyrene and 
other non-metallic materials in palla- 
dium chloride solutions resulted in treated 
surface being active for electroless 
nickel deposition. Satisfactory treatment 
for polystyrene consists of a two min- 
ute immersion in 0.1 g/l palladium 
chloride at 125F with pH of 3.8-4.8. 
With a stannous chloride pre-dip, palla- 
dium chloride can be used at room tem- 
perature with pH of 0.9-4.2. Other non- 
metallic materials capable of being coated 
with electroless nickel are listed. Tables. 
—INCO. 10644 


5.3.4 

1) History of Introduction and De- 
velopment of Bright Nickel Plating. 2) 
Chemical and Physicochemical Proper- 
ties of Bright Nickel Plating Baths. 3) 
Mechanism of Action of Brighteners in 
Bright Nickel Plating Baths. 4) The 
Co-ordination Compounds and Electro- 
deposition Potentials of Metals in Rela- 
tion to Theories of Bright Nickel Plat- 
ing. (In Italian.) I. R. BELLospono. Galva- 
notecnica, 6, Nos. 4, 5, 6, 7, 91-94, 99-103; 
117-126, 131-132; 151-159; 177-188 (1955) 
April, May, June, July. 

1) Reviews the development of bright 
nickel plating, giving bath composi- 
tions, etc. 67 references (including pat- 
ents), 2) Effect of brighteners and anti- 
pitting agents; levelling; internal stress 
in deposits; effect of ultrasonics, cur- 
rent density and pH; throwing power; 
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control methods (including use of Bert 
relle’s triangular cell). 53 references 3, 
Various theories of brightening are oy. 
lined: reducing agents, absorption, com 
plex ions, preferred orientation, increas, 
in cathodic potential, etc. 20 references 
4) Discusses theories of bright nticke 
plating. 27 references —BNF. 1068 


5.3.4 

The “Cooling” of Hot-Galvanize 
Goods. (In German.) H. Basu. F 
Gotz. AND E. NELL. Metall, 9, No, 15/1 
643-645 (1955) August. 

If galvanized material is rapidly 
quenched in warm water, a high glos 
is obtained: formation of zinc “span. 
gles” is suppressed (this can, of cours 
also be effected by addition of tin + 
the galvanizing bath), The quenching i: 
often intended to reduce reaction be. 
tween the zinc and the iron-base. Ti 
“Galvannealing” process consists of shor 
heating to 600C after galvanizing s0 a 
to convert the coating completely ; 
iron-zine alloy layer. On the other har 
prolonged heating just below the melt 
ing point of zine gives rise to flaking 
of the zine coating. —BNF. 1071) 


5.3.4 

Some Notes on the Effect of the 
Presence of Iron Salts in Hot-Dip Ga. 
vanizing. H. Basiik, F. Gorzat ann F 
Nett Metal Finishing J., 1, No. 8, 347- 
348 (1955) Aug. 

This paper refers particularly to a 
galvanizing bath containing aluminun 
which has the effect of preventing for- 
mation of iron-zine alloy layer, Iron 
salts left on the work react with th 
aluminum present removing it from th 
bath and preventing it from exercising 
this function. —BNF. 10716 


5.3.4 

The Anodic Etch in Preparation for 
Plating. F. G. Brune anp V. L. Mc 
ENALLy, JR. Paper before Am. Electro- 
platers’ Soc., Ann. Conv., Cleveland 
1955. Plating, 42, No. 9, 1127-1132 (1945) 
Sept. 

Use of a sulfuric acid-epsom salt anodi 
etch solution is described which has 
been used to obtain good adhesion 0! 
nickel plate on low carbon steel parts 
An aqueous film concept is offered 
help in understanding the mechanism 
by which the anodic etch assists in pre- 
paration for plating. Tables and phase 
diagrams are given for sodium sulfate 
and magnesium sulfate solubility in stl 
furic acid —INCO. 1072) 
5.3.4 

Bright Nickel Plating FE. F. Danio 
Avtomobil’naya i Traktornaya Prom., No. 
4, 24-26 (1955): Chem. Absts., 49, 100% 
10095 (1955) August 10, : ; 

Good bright plate was obtained with 
bath containing (g per liter) 200-24 
NiSO,: 7H2O, 8-10 sodium chloride, dO 
boric acid, 4-5 sodium fluoride, 
CwHe (SO;Na)2, and 1-1.5 40 percen! 
formaldehyde at 40-45C, cathode cur 
rent density 4-5 amps per sq. dm. ati 
pH 5.6-5.8, with air agitation. On cot 
tinuous operation, deposit becomes blu 
ish and brittle, owing to decomposttie! 
of naphthalenesulfonate (brightener) 
remedied by chemical treatment—Ii 


5.3.4 ae 
Study of Ridge Formation m Hot: 
Dip Tinning. (In French.) S. CHa 
P. KozaKevitcH AND P. Roguet. Metow’, 
Corrosion-Industries, 30, No. 354, > 
(1955) February. 3 
Study of the formation of ridges ant 
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other defects in hot-dip tinning, mech- 
anism of formation, wetting of tin by 
palm oil in the tinning process and 
methods of suppressing ridge forma- 


tion —BNF. 10758 


5.3.4 

The Electrodeposition of Aluminium. 
R. J. Hertrace. Bull. Inst. Met. Finishing 
(Trans. IMF), 5, No. 2, 106-118 (1955) 
Summer. 

The three known methods of plating 
aluminum—Grignard solution, quater- 
nary fusion dispersion and the hydride 
solution—were investigated in detail, par- 
ticularly the latter.—BNF. 10772 


5.6 Packaging 


5.6.1 
Corrosion of Metal Articles in Storage 
and Transport and Its Avoidance, with 
Special Reference to American Specifi- 
cations. G. ScHIKORR. Werkstoffe u. 
Korrosion, 6, No. 1, 9-14 (1955). 
Temporary protective coatings 
metallic articles are reviewed.—RPI. 
10982 


for 


5.6.1, 5.8:2; 5.5.3 

The Use of Volatile Corrosion Inhib- 
itors as a Preservative Medium for Long 
Term Storage of Ordnance Material. 
Addendum IV. Results after Five Years of 
Exposure. R. E. JoHNson. Rock Island 
Arsenal Lab. Tech. Rept. No. 55-82, 
Project No. TB5-1101C. U. S. Dept. of 
Commerce, Office of Technical Services, 
PB 111608, January 7, 1955, 30 pp. 

After five years in storage, two volative 
corrosion inhibitors and three petrolatum 
type corrosion preventives employed in 
packaging stored ordnance materiel were 
comparatively evaluated for the long 
term protection of gun and howitzer 
tubes, hydropneumatic recoil rods and 
cylinders, sintered iron specimens and 
non-ferrous specimens (aluminum, man- 
ganese-bronze, anti-friction metal, cad- 
mium, copper, silver, zinc), Inhibitor 
papers were analyzed for inhibitor con- 
tent to determine total amount of in- 
hibitor remaining on wrapper after five 
years in storage. Experimental results 
are tabulated. Illustrations show man- 
ganese-bronze and cadmium specimens 
after five years exposure in gun and 
howitzer tubes.—INCO. 10943 


$64,752 

Protective Packaging of Foods 
Against Moisture Condensation. J. G. 
Wooproor AND E. K. Heaton. Food 
Technol., 9, 510-518 (1955) Oct. 

Mechanism and case histories of rust- 
ing of cans. Ways to prevent rusting by 
protective packaging. Tables, photo- 
graphs, graph. 18 references—MR. 


11046 


5.7 Treatment of Medium 


5.7.3 

Operation and Maintenance of Marine 
Type Deaerating Feedwater Heaters. 
J. F. Sepatp. Worthington Corp. Mariner, 
2, Nos. 11, 12, 20-23, 34-35, 44-46; 18-21, 
38-39 (1955) Nov., Dec. 

Detailed discussion of marine type 
deaerating feedwater heaters covers de- 
velopment, design features, application to 
boiler feedwater system, operation, mainte- 
nance and dissolved oxygen testing. U. S. 
Navy found use of deaerator to be most 
satisfactory means for reducing boiler 
and economizer corrosion caused by dis- 


220a 


CORROSION—-NATIONAL ASSOCIATION OF CORROSION 


solved oxygen in feedwater and has 
specified inclusion of deaerator as com- 
ponent part of boiler feedsystem since 
1940. Interior surfaces must be inspected 
periodically for dirt, oxide scale and 
other signs of corrosion. Scaling of first 
stage direct contact heater may result 
from salt water leaking from circulating 
system. Abnormal corrosion of carbon 
steel parts is caused by presence of ex- 
cessive amounts of oxygen and carbon 
dioxide within deaerator. Greatest cor- 
rosion damage results from using de- 
aerator intermittently. Schematic dia- 


grams.—INCO. 10965 


5.7.6 

Dealkalization and Its Application in 
Water Treatment, FE. Rimperc. Graver 
Water Conditioning Co. Natl. Engr., 
59, No. 11, 24-27 (1955) Nov. 

Discusses the application of sodium 
zeolite-anion dealkalizing system which 
has the advantage that no special cor- 
rosion resistant equipment is necessary 
in an installation, Table, flow diagram. 
—INCO, 10960 


5.7.7, 4.6.2 

Reduction of Iron and Copper Cor- 
rosion in Steam and Water Cycle with 
Amines. S. M. Sperry. Gilbert Associates, 
Inc. Combustion, 27, No. 5, 65-71 (1955) 
November. 

Use of morpholine to correct feed- 
water pH in steam turbine systems is 
discussed. Boiler inspections reveal de- 
creases in amounts of ferrous and 
cuprous oxides deposited in drums and 
tubes and there is less fouling of heat 
transfer surfaces in heat exchangers. 
Typical data from various stations are 
presented. Advantages of morpholine 
treatment over recirculation are 


marized.—INCO. 
5.8 Inhibitors and Passivators 


5.8.1 

Corrosion Inhibitors, B. Le Boucuer. 
Paper before Corrosion Group, Soc. de 
Chimie Industrielle, Paris, May 25, 1955. 
Corrosion et Anti-Corrosion, 3, 147-163 
(1955) July-August. 

Review of concepts of anodic and 
cathodic polarization, interpretations of 
mechanism of inhibition and passivating 
anodic, cathodic and organic inhibitors. 
Methods of research on inhibitors and 
evolution of organic inhibitor of cor- 
rosion of electrolytically-polished stain- 
less steel in distillation units for petro- 
leum crudes are discussed.—I NCO. 

10899 


5.9 Surface Treatment 


5.9.1 

Metal Cleaning Costs. Am. Soc. Metals 
Ctte. on Cost of Metal Cleaning. Metal 
Progress, 68, No. 2-A, 169-173 (1955) 
Aug. 15. 

Supplements articles on pp. 299-301 
of the 1948 ASM Metals Handbook. 
Labor costs; water and other materials; 
energy; maintenance; equipment. De- 
tailed costs are set out in a number of 
useful tables —BNF, 10908 


5.9:1, 5.4.7 

Protection of Steel Structures by 
Anticorrosive Paints. Part II. Prepara- 
tion of Structures for Painting. Part III. 
Application of Multicoat Protective 
Systems. H. Rapate. Trav. Feintures, 10, 
Nos. 4, 5, 131-133, 171-172 (1955). 


ENGINEERS 


Vol. 


Part II. Contaminants on ste} «,, 
faces which diminish paint adhesin, 
etc. and methods for their removal ;, 
discussed. . 

Part III. Correct application tec! 
niques to secure films of uniform an; 
adequate thickness are briefly discusses 


—RPI. 1 


5.9.2 


Alkaline Solutions: What to Use {o, 
Effective Cleaning. J. B. Monter |; 
Age, 176, No. 4, 59-62 (1955) July 2 

Various compositions of alkali cleay. 
ers with addition agents, their condy:. 
tivities, pH, and metals or alloys jp, 
which they are suitable, are listed: we. 
ting agents; testing and evaluation 
both hot and cold cleaners; treatmer: 
for oils and surface dirt: mention j 
made of removal of scale, oxide o 
polymerized oil.—BNF, 1088 


5.9.2 


Some Industrial Applications 
Metal Cleaning. FE. L. Srrearrigi 
Chemistry and Industry, No. 28, 855-8 
(1955) July 9. 

Degreasing and its mechanism: we: 
ting agents and detergents; alkalis 
emulsion cleaners; cleaning procedures 
(jet washing, open tank, electrolyt 
tank, degreasing in situ, solvent de. 
greasing); ultrasonics; pickling or de- 
scaling (ferrous materials: sulfuric ac 
or hydrochloric acid, phosphoric acid 
tannins or electrochemical).—BNF, 

100998 


5.9.2, 6.3.15 


Sodium Hydride Descaling of Ti. 
tanium. W. J. BarrH ANp A. L. Fen 
Metal Progress, 68, No. 2, 114-116, Il 
(1955) August 1. 

Sodium hydride may be used to de 
scale titanium, but duration of operatic! 
must be controlled to prevent hydroge: 
absorption after descaling. —BNF. 112% 


5.9.2, 8.4.3 

Chemical Cleaning Is Cheaper, Too. 
J. C. Rewer. Oil Gas J., 54, No, 33, 78 
80. 82, 85-86, 89-91 (1955) December I! 

Gives current experience on chemi: 
cal cleaning of wide variety of umlts 
ranging from crude distillation to 180 
merization in both heavy-oil and light 
oil divisions of the refinery. Tables sum- 
marize deposits found in heat-exchang 
equipment, actual chemical cleaning jobs 
on condensers, coolers, exchangers, ati 
columns, and typical refinery processes 
using chemical cleaning. Pitting-typ 
corrosion in ammonia condensers, calls 
by concentration-cell formation under 
iron oxide deposits, is arrested by use 0! 
chemical solvents. Hydrochloric act 
used to clean stainless steels must b¢ 
completely flushed, while dilute sulfur 
acid, sulfamic and phosphoric acids are 
used on stainless steel where desig! 
does not allow complete flushing. Zinc: 
coated tubes must be cleaned wi! 
chromic acid. Diagrams show typi 
sheet-and-tube assemblies designed pot 
chemical cleaning —INCO. i 


5.9.3 


Cleaning of Metallic Surfaces by She! 


Orto PELTZE 


Blasting. (In German.) 1681.16 


Stahl und Eisen, 75, No. 25, 
(1955) December 15. Pres 

Purpose of the process. History. 17° 
ent state of the technique of shot vl 
ing. Secondary effects. Methods —- 
blasting. Types of machines used. C er 


. c eo ng 
ing mediums. gMethod of working 
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Adhesion and Surface Preparation in 
protective Metal Spraying. Part III. 
M. Cowan. //ectroplating, 8, No. 2, 
67-12 (1955) Feb. 

4 discussion of blasting machines. 
Under the heading of compressed air 
ype machines the author discusses the 
construction of blasting chambers and 
e Vacu-Blast System. He then pro- 
eds to deal with airless or centrifugal 
sting machines including both table 
nd barrel type units. The compressed 
jc and centrifugal-type machines are 
mpared and a short section deals with 
ytomatic equipment for abrasive blast- 
ng—-ZDA. 11293 


§93,3.7.3 

Properties of Mechanically Worked 
Metallic Surfaces. (In German). R. 
Keause. Metalloberflache, Ser. A, 9, No. 
) 135A-140A (1955) Sept. 

After considering the various availa- 
le methods of examining such sur- 
‘aces, draws particular attention to 
lectron microscopy and electron dif- 
fraction. Mechanical polishing produces 
i different surface from e.g., machining 
id is an important factor in running-in 
processes, €.g., in bearings, shafts and 
vinders, Electron diffraction pictures 
i mechanically polished metal sur- 
laces, obtained by reflection of electron 
beams, show several marked, blurred 
iterference maxima, which cannot be 
xplained by liquid interference and are 
so not identical with the solid amor- 
phous modifications of metals, e.g., 
utimony. 15 references—BNF. 10937 


5.9.4 


A Survey of Chromate Treatments. 
V. E. Pocock. Metal Finishing, 53, No. 
1, 80-83 (1955) Jan. 

A survey of chromate treatments for 

ne, cadmium, copper, aluminum and 
magnesium surfaces. Those described 
lor use on zinc and cadmium include 
night dipping and the production of 
yellow to bronze, olive drab, or colored 
inishes. Suitable pretreatments and 
‘iromating procedures are given for 
ane plated and galvanized coatings and 
tor zine alloy die cast surfaces —ZDA. 

10952 


59.4 


Some Successful Applications of Elec- 
ttolytic Polishing in Industry. R. Mon- 
ON. Sheet Metal Inds., 32, No. 344, 923- 
131, 934 (1955) Dec. 

_ Discusses friction and abrasion, fa- 
ligule and corrosion properties of elec- 
‘olytically polished metal surfaces and 
‘pplication of electrolytic polishing in 


‘Uperhnishing, beburring, electrolytic 
machining, 
Surfaces for 


inspection, preparation of 
electroplating and cold 


‘orking. Frictographs obtained by mo- 


= = loaded bronze roller on F.D.M. 
\nickel-chromium ) steel are shown. Ro- 
‘ating bending tests on S$.97 and 


EN 


(nickel-chromium-molybdenum 


ae showed that removal of appre- 
ciable 


layer of electrolytic 


reduction of fa- 


metal by 


id slight corrosion of electrolytically 
led sheets of Nimonic 75 treated 
wv in 0.5 sulfur- 
cntaining paraffin combustion prod- 
" grinding faults 
¥ electrolytic polishing on rail-car 
; nickel-chromium steel, 
‘se-hardened, tempered and ground, 
‘illustrated —IN CO. 10917 
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5.9.4 


The Mechanism of Electrolytic Polish- 
ing. S. Fetru anp M. Serra. Proc. 6th 
Meeting Internat. Cttee. Electrochem. 
Thermodynamics and Kinetics (Poitiers, 
1954), 1955, 483-491; disc. 491. 

It is suggested that electrolytic polish- 
ing is caused by a periodic process in 
which saturation alternates with agita- 
tion of the diffusion layer in the im- 
mediate neighborhood of the anode. A 
mathematical treatment shows that, 
even if there are differences in rates of 
solution between different parts of the 
surface of a metal specimen, there is a 
tendency to equalize the quantity of 
metal dissolved per unit surface at all 
points, if the current density is above 
that for passivation. Where one phase 
differs in chemical composition from the 
others, it is difficult to reach equaliza- 
tion of solution rates, since these are 
affected by the differing solubilities of 
the constituents in the electrolyte. Dur- 
ing electropolishing, 100 percent effi- 
ciency of metal solution can never be 
obtained because at the end of each 
saturation gas begins to be liberated and 
this causes agitation of the diffusion 
layer; a part of the current, generally 
small, is used for the production of 
gaseous oxygen. 24 references.—MA. 

11395 


5.9.4 


Contribution to the Study of Elec- 
trolysis in Very Concentrated Solutions, 
Exemplified by Electropolishing. Parts 
IV, V. (In French.) P. BrovutLiLert 
Metaux, Corrosion-Industries, 30, No. 358, 
243-257 (1955) June. 

Part IV. Study of current efficiency 
of polishing of different metals, e.g., 
nickel, aluminum, etc., in different polish- 
ing baths: Effect of purity of metal, 
chemical attack in bath, formation of 
complexes, existence of Al+ ions, etc. 
Part V. Conditions for electrolytic 
polishing and practical applications in- 
cluding polishing of aluminum, nickel, 
germanium, precious metals, etc—BNF. 

11386 


5.9.4 ’ 


Heavy Oxide Coating for Aluminum. 
Tuomas A. Dicxtnson. Materials & 
Methods, 41, No. 2, 132-133 (1955) Feb. 


The Sanford process developed by 
Sanford Process Co., Inc., at Los An- 
geles, produces an anodized hard coat 
on aluminum which is considerably 
thicker than standard anodized coatings. 
Sanford oxide coatings have a measured 
Rockwell hardness ranging from C50 to 
C58, a Mohs scratch hardness of about 
8 and slightly more abrasion resistance 
than casehardened steel. Thick coatings 
can withstand up to 4000 V. The proc- 
ess uses a cold acid electrolyte and pro- 
gressively increasing voltages, The 
exact composition of the Sanford elec- 
trolyte has not been disclosed, although 
it contains both mineral and organic 
acids. Bath temperature ranges from 0 
to 15 F. Voltage ranges from 15 to as 
high as 150 DC, and current density 
is 12-15 amp./sq. ft. After treatment if 
no organic coating is to be applied, the 
oxide coating is sealed by a 1-hour hot 
water immersion. Corrosion, wear and 
dielectric applications given. 11465 


5.9.4 
Recent Anodizing Research. A. W. 

Brace, Metal Ind., 87, No. 13, 261-264 

(1955) September 23. 
Recent research work 
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investigators of the Aluminum Com- 
pany of America on the effect of anodiz- 
ing conditions on anodic films is sum- 
marized. Formation and _ structure of 
the anodic oxide film on aluminum is 
discussed from both theoretical and ex- 
perimental angles. Several diagrams, 
representing the functional relationship 
between the anodizing conditions and 
the dimensional data of the anodic films, 
such as pore volume and film thickness 
and also the coating ratio versus these 
conditions are presented, The practical 
conclusions drawn from this work con- 
cern abrasion resistance, suitability for 
dyeing, appearance and insulating capac- 
ities of the anodic surfaces. All the in- 
vestigations on cell size, barrier layer 
thickness and porosity covered in this 
study were made on high purity alumi- 
num.—ALL. 10681 


5.9.4 


Hard Anodising. (In German.) L. 
BosporF AND A. Beyer. Aluminium, 31, 
No. 7/8, 321-327 (1955) July-August. 

Rate of formation of hard (eloxal) 
anodic coatings on aluminum and _ vari- 
ous aluminum alloys; measurement of 
hardness; properties of the coatings and 
the effect they exert on basis metal; 
suitable alloys and some examples of 
application. 15 references—BNF. 10682 


5.11 Design—tInfluence on 
Corrosion 


5.11, 5.4.5 


Coatings: Good Structural 
Aids Battle Against Corrosion. C. 
Muncer. Amercoat Corp. Jron Age, 
No. 2, 108-11 (1955) July 14. 

Structural steel with its variety of 
shapes presents the most common coat- 
ing problems. Sharp edges and corners, 
rivet heads, weld spatter and rough 
welds, lapped joints and built-up trusses 
are among sources of trouble. Careful 
coating of such areas on existing struc- 
tures will minimize difficulties and 
greatly prolong service life. By eliminat- 
ing edges, corners, crevices and other 
trouble spots, substantial savings will be 
achieved in the long run. Some examples 
of typical corrosion reactions such as 
corrosion of iron in pure water and 
crevice corrosion are discussed to em- 
phasize points in design for corrosion 
protection. Illustrations —INCO. 10603 
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6.2 Ferrous Metals and Alloys 


6.2.1, 3.8.2 

Electrochemical Properties of Alloys. 
Part VI. On the Anodic Behavier of 
Iron-Molybdenum Alloys in Sulfuric 
Acid Solution. S. Morioka ANp K. SAkI- 
YAMA. J, Japan Inst. Metals, 19, No. 2, 
157-160 (1955) Feb. 

Anodic polarization of iron-molybde- 
num alloys investigated. Results: 1) 
Active iron-molybdenum alloys contain- 
ing molybdenum in solid solution show 
the same degree of polarization as pure 
iron but the critical current density at 
which the anodic passivity is attained is 
higher, the greater the molybdenum con- 
tent of alloys. With iron-molybdenum 
alloys (iron-rich solid solution) in sul- 
furic acid solution, anodic passivity be- 
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comes decreasingly attainable as the 
molybdenum content in alloy increases. 
2) In the polarization of two phase al- 
loys containing more than 10% molyb- 
denum two stages are distinguished: the 
dissolution of the &-phase and the dis- 
solution of the intermetallic compound 
Fe;Mo2. 3) By anodic dissolution FesMo: 
or alloys containing more molybdenum ac- 
quire a protective layer of molybdenum 
blue, resulting in mechanical passivity. 4) 
The electrode potentials of iron-molybde- 
num alloys were measured and results ob- 
tained are shown.—J SPS. 10875 


6.2.2 

The Corrosion Resistance of Wrought 
Iron, J. P. CHILTON AND U. R. Evans. 
Brit. Iron & Steel Res. Assn., Metall. Div., 
Corr. Comm., Paper MG/B/12/55. J. Iron 
Steel Inst., 181, Pt. 2, 113-122 (1955) 
Oct. 

Corrosion of wrought iron differs from 
that of typical steel by its zonal char- 
acter; a superior resistance is obtained 
in wrought iron only if the geometrical 
arrangement is such as to take advantage 
of the zonal character. Materials used 
included unpiled puddled iron and once- 
and twice-piled wrought iron, as well as 
Aston-Byers iron,.copper-free and cop- 
per-bearing mild steels and Swedish 
iron, all of which contained from a trace 
to 0.22% nickel. The Q (quickly corrod- 
ing) and R (resistant) zones present 
even in unpiled wrought iron differ in 
the accessibility of the sulfide present; 
especially in corrosion by acids, the 
liberation of hydrogen sulfide in the Q 
zones stimulates the anodic reaction, so 
that they are attacked more quickly than 
the R zones, producing the character- 
istic wooden appearance. When the acid 
already contains hydrogen sulfide, the 
attack on the R zones also is stimulated 
and the corrosion becomes more. uni- 
form. The V (very resistant) zones are 
only present in piled iron and represent 
internal layers of a noble alloy, due to 
selective oxidation of the surfaces of 
the pieces composing the pile, with con- 
sequent enrichment in copper and_ nickel. 
28 references —INCO. 10727 


6.2.2 

The Sulphurization-Resistant Prop- 
erty of Spheroidal Graphite Cast Iron 
at High Temperatures. MAsaKazu SHI0- 
ZAWA AND HrirosHt NAKAI, Reports Cast- 
ing Research Lab., Waseda University, 
No. 6, 12-14 (1955). 

No significant difference exists between 
spheroidal graphite and ordinary cast iron; 
the shape of graphite exerts no serious 
effect but alloy elements which dissolve in 
matrices seriously affect the resistant prop- 
erty Tables, micrograph. 2 references.— 

10394 


BTR. 


6.2.2 
Investigation of Hardenability of Cast 
Iron. R. DickeE AND H. SCHIFFERS. Gies- 
seret, 42, 501-506 (1955) Sept. 15. 
Pearlitic and ferritic cast irons of dif- 
ferent compositions were investigated 
as to applicability of the standard and 
modified Jominy test to characterize the 
hardness behavior of these types of cast 
iron. Hardenability in pearlitic castings 
depends mainly on degree of saturation, 
content of combined carbon and quan- 
tity and distribution of graphite, a fine 
distribution giving optimum results. 
Metallographic investigations show the 
influence of combined carbon on _ hard- 
ness. Function of alloying elements in 
raising hardness is discussed.—INCO. 
10753 


ENGINEERS Volpe 
6.2.2, 3.7.2, 3.7.3 


The Effect of Boron and Aluminum, 
Additions on the Graphitization 


Whiteheart, Malleable Iron. U. Kigy 
No. 19, 


AND K. RoescH, Giesserei, 42, 
507-515 (1955) September 15, 

Tests on series of castings with jp. 
creasing boron content, increasing alumi. 
num content and increasing boron con- 
tent with aluminum content constant 
Effect of heat-treatment is discussed 
Boron is carbide-stabilizing while alumi. 
num has a graphitizing action. Mechanica 
properties are adversely affected by both 
boron and aluminum. Time of heat 
treatment could not be shortened by 
addition of boron. 9 references.—INC6O, 


10841 


6.2.2, 3.7.3 


Flame Hardened Ductile Irons, ¢ § 
Ernst, R. V. Aparr AND G, L. Cox. Me 
terials & Methods, 42, No. 5, 106-109 
(1955) Nov. 

Describes the improved wear resist- 
ance of such parts as gears or sprockets 
by use of flame hardened ductile irons 
and outlines procedures for producing 
surface hardness up to Rockwell C6 
Photographs of flame hardened ductile 
iron ring gear, crane wheels, iron rolls 
and chain sprocket are shown. Fracture 
of plowshare shows hardened cutting 


edge.—INCO. 10828 


6.2.2, 3.8.2 


Theory of Corrosion and Passivity of 
Iron. W. T. DeNHOoLM. Paper before 
Australian Inst. Metals, 8th Ann. Coni, 
Adelaide, April 19, 1955. Australasian 
Engr. 46, 46-56 (1955) August 8. 

Application of pH-potential diagram 
to the study of corrosion of iron is dis- 
cussed. Thermodynamic evidence 
given to support the view that anodi 
passivation of iron and platinum occurs 
by the same mechanism, namely th 
adsorption of a monolayer of oxygen 0! 
to metal atoms still in the solid lattice 
With platinum this is the sole anodi 
process but with iron, the adsorptioi 
process occurs in competition with other 
mechanisms of oxide formation invol\- 
ing metal dissolution followed by pre 
cipitation of loosely adherent oxide 
films from solution. 25  references— 
INCO. 1074 





6.2.2, 3.8.4, 2.3.6 

Contribution to the Study of the 
Anodic Oxidation of Cast Irons and 
Measurement of the Rate of Oxidation 
by Photo-Electric Reflectometry. ‘ 
Roos. Paper before Journees_d’Automne 
October, 1954. Rev. met., 52, 467-47 
(1955) June. 

Definition of anodic oxidation and de- 
scription of apparatus and techmique 10f 
measurement (involves photo-electti 
cell). Comparison of measurements mate 
by various methods is given. Results © 
micrographic studies of the mechanism 
of anodic oxidation, characteristics ™ 
oxide film and the influence of silicate = 
clusions, development of method for de 
termination of inclusions in grey 10% 
investigation of first oxidation phase 
(based on Mott’s method) and data 0 
influence of foreign ions on ~ 
anodic oxidation in cast iron are © 
cussed.—INCO. I>) 


6.2.3 a 
Specifications for Mild Sted J 
HoneYMAN, Paper before Sheet Teh 
Metal Users’ Tech. Assoc., London, 
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ruary, 1955. Sheet Metal Inds., 32, No. 
343, 855-859 (1955) Nov. 

Considers what should be included in 
a mild steel specification so that pur- 
chaser may be protected without addi- 
tion of umnecessary restrictions and 
testing. Rigidity, strength, toughness 
and ductility, notch toughness, hot flang- 
ing, corrosion resistance, method of 
manufacture, analysis, number of tests, 
freedom from defects and tolerances are 
discussed. Specifications for rimming 
and stabilized mild steel sheet and strip 
are considered in detail. Typical analy- 
sis specification for a rimming. steel 
limits nickel content to 0.1 maximum. 


—INCO. 10817 


62:3; 32.2 

How Important is Hydrogen Embrit- 
tlement in Cold-Worked Mild Steel? 
N. J. Grant anp J. L. Lunsrorp. Jron 
Age, 175, No. 22, 92-94 (1955) June 2. 

A cold-worked mild steel (SAE 1020) 
can be embrittled permanently through 
hydrogen absorption. The _ hot-rolled 
product, however, retains ductility when 
subjected to the same conditions. (auth) 
—NSA. 10574 


6.2.3, 6.2.4 

In Pressure Vessel Design—When to 
Use the Alloy Steels. W. H. Funk. 
Lukens Steel Co. Petroleum Processing, 
10, No. 9, 1364-1367 (1955) Sept. 

Graphs are presented to assist pres- 
sure vessel designer in obtaining the 
most efficient combination of economy 
and weight by selecting proper steel for 
temperature maxima of 650, 750, 850 
and 950F, The ASTM carbon and alloy 
steels charted include A-203-C, a nickel 
steel plate—INCO. 10822 





STOP EXTERNAL CORROSION 
OF WELL CASINGS WITH 
“CORECO” RECTIFYING SYSTEMS 


Experienced ‘‘CORECO” engineers, spe- 
cialists in design and installation of 
rectifier and galvanic anode cathodic pro- 
tection systems, are ready to analyze and 
solve your corrosion problems. 


WHEN YOU THINK OF CORROSION, 99 


ee CALL 


FOR POSITIVE 
CORROSION CONTROL 





A Complete Design and Installation Service. 
Call, wire or write today to 


CORROSION RECTIFYING 
COMPANY 
1506 Zora Street ® Houston, Texas 
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6.2.3, 6.2.4 

Investment Casting of Carbon Steels. 
H. Derow. Steel. 137. No. 8, 70-71 (1955) 
August 22. 

Use of investment casting for carbon, 
low and medium alloy steels is economi- 
cal provided manufacturer and designer 
are familiar with process and behavior 
of materials cast. Improved castability, 
surface decarburization, heat treating, 
grain size problems, machining and 
hardness are discussed briefly—INCO. 

10826 


6.2.3, 6.2.4, 6.2.5 

How to Select Wrought Steels: Ma- 
terials & Methods Manual No. 117. 
J. W. W. Sutuivan. Materials & Meth- 
ods, 42, No. 1, 111-126 (1955) July. 

Manual shows how to select and 
make better and more economical use of 
rolled and forged steel products. It ex- 
plains the factors and properties that 
must be considered when choosing a 
steel to meet the requirements of a par- 
ticular application and gives in detail 
the properties of carbon, alloy, stainless 
and heat resisting steels. 33 references. 
—INCO. 10366 


6.2.4 

The Corrosion Resistance of Low- 
Alloy Steels. J. C. Hupson anp J. F. 
STANNERS. Brit. Iron Steel Res. Assoc., 
Corr. Comm., Atmospheric Corr. Sub- 
Comm., Paper MG/BB/16/53. J. Iron & 
Steel Inst., 180, Pt. 3, 271-284 (1955) 
July. 

Systematic investigation of the effects 
of small amounts of alloying elements 
on corrosion resistance of mild steel. 
The improvement resulting from suitable 
low-alloy additions was greater for at- 
mospheric exposure than for immersion 
in the sea. When exposed outdoors at 
Sheffield the most resistant steel cor- 
roded at least three times less rapidly 
than unalloyed mild steel, whereas in 
sea-water (at Emsworth), the maxi- 
mum effect of low-alloy additions was 
roughly to double the corrosion resist- 
ance. An intermittent spray test in the 
laboratory was included. Graphs and 
tables.—INCO. 10373 


6.2.4, 3.7.3 

Fabricating Ultra-High Strength 
Steel. J. Dietz ann L. H. McCreery. 
Product I:ng., 26, No. 13, 170-173 (1955) 
Dec. 

Discusses heat treatment, plating, ma- 
chining and casting specifications for 
SAE 4340 to assure maximum strength 
and reliability in aircraft structures. Av- 
erage mechanical properties of SAE 
4340 with various heat treatments are 
tabulated. Problem of hydrogen embrit- 
tlement by chromium, copper and cad- 
mium plating is considered, Strip from 
a casting, which was heat treated to the 
260-280 psi strength range, is shown 
bent in a vise to illustrate ductility ob- 
tained.—INCO. 10755 


6.2.4, 6.2.5 

Comparison of the Mechanical Prop- 
erties of Steels With Low and High 
Nickel Contents. R. Cazaup, Paper be- 
fore Journees d’Automne, October, 1954. 
Rev. met., 52, 579-582; disc., 582-585 
(1955) July. 

Data on mechanical and fatigue prop- 
erties of various standard types of nickel- 
chromium-molybdenum steel containing 
less than 1.6 percent nickel and some ear- 
lier types with higher nickel contents, Evi- 
dence is presented to show that the low 
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nickel-bearing steels have Properties a 


least equal to, if not better than, those 


of steels with higher nickel contents_ 
INCO. 1047 


6.2.5 

Corrosion Resistance of High-Man. 
ganese Stainless Steel. H. E. McCuy, 
Metal Progress, 68, No. 3, 206, 208 0 
(1955) September. aa 

The results show that the chromium. 
manganese steel has less ductility tha, 
the chromium-nickel steel which i 
probably due to the mixed austenite. 
ferrite structure. The ductility coy!j 
probably be increased by increasing the 
manganese or nickel content to produce 
a completely austenitic structure, Al. 
though the chromium-manganese ste¢| 
does not have the same high corrosion 
resistance as the chromium-nickel steel. 
it is still suitable for applications in 
which the requirement calls for ay 
austenitic steel having corrosion resist- 
ance of approximately the same order 
as that of the straight chromium steels 
—(auth).—NSA, 10865 


6:2.5;3.7.3 

The Effect of Tempering Treatment 
on the Corrosion Resistance of Hari- 
ened 13% Chromium Steels, J. E. Tiv- 
MAN. Corrosion Technology, 2, 243-246 
(1955) August. 

Study of steels of three different car- 
bon levels (0.06, 0.23 and 0.29 percent) 


shows that tempering heats of from 45) J 


to 650C severely reduce corrosion te- 
sistance to 3 percent salt water. Graphs, 
micrographs. 2 references.—BTR. 1034! 


6.2.5, 3.7.3, 5.9.2 
The Influence of Deformation on Chen- 
ical Polishing of Austenitic Nickel- 
Chromium Steels. K. Arvin anp Hi 
ScHLEGEL. Metalloberflache, 9, 148B-1515 
(1955) October. 
Investigation of effect of deformation 
of drawn components in 18/8 on polish- 
ability. Internal stresses, detectable as 
microscopic slip lines, have no effect on 
the polishability of the crystallites i- 
volved, Except for very drastic defor 
mations, components can be chemically 
polished, high gloss obtained being 
more diffuse at extreme deformations 
Degree of polish is measured by a sur- 
face-polish measuring instrament 
/10 


6.2.5, 5.9.1 

How to Finish Stainless Steel: Am. 
Machinist Special Report No. 408. R. f. 
Paret, Am. Machinist, 99, No. 23, 129-14 
(1955) November 7. ; ; 

Digest of latest data available trom 
producers and users on wheels and grits 
for grinding, polishing and buffing, elec- 
tropolishing, etching, pickling, cleaning 
and descaling, selecting mill finish, pro- 
tecting surface during fabrication ane 
obtaining decorative final finishes. od 
trations and tables —INCO. 1083¢ 


6.2.5, 6.2.4 ; 

Prealloyed Steel Powders and a 
Applications. G. A. Roperts AND A. 
Grose. Vanadium-Alloys Steel Co. Pape! 
before Metal Powder Assoc., lth ia 
Mtg., Philadelphia, May, 1955. Mace 
Design, 27, No. 7, 204, 206, 208 (19>) 
July. ee 
Discusses two general types oF PI 
alloyed commercially important Sift 
powders: high-strength low-alloy tw 
powder and stainless steel powder. hn 
ical properties of high-strength sit 
parts made from SAE 4630A powe 
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TECHNICAL REPORTS 


Remittances must accompany all orders for literature the aggregate cost of which is less than $5. Orders of value 
greater than $5 will be invoiced if requested. Send orders to National Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to the prices given below for Book Post Registry to all addresses outside 


the United States, Canada and Mexico. 


Report on Field Testing of 32 Al- 
loys in the Flow Streams of Seven 
Condensate Wells (Pub. 50-3) NACE 
members, $8; Non-members, $10 per 
Copy. 


Survey of Corrosion Control in Cali- 
fornia Pumping Wells. A Report of 
T-1A on Corrosion in Oil and Gas 
Well Equipment, Los Angeles Area. 
Pub, 54-7. Per copy, $.50. 


Current Status of Corrosion Mitiga- 
tion Knowledge on Sweet Oil Wells. 
A Report of Technical Unit Com- 
mittee T-1C on Sweet Oil Well Cor- 
rosion. Per copy, $.50 


Field Practices for Controlling Wa- 
ter Dependent Sweet Oil Well Corro- 
sion. A Report of Technical Unit 
Committee T-1C on Sweet Oil Well 
Corrosion, Compiled by Task Group 
T-1C-1 on Field Practices. Pub, No. 
56-3, Per Copy $1.00 


Sour Oil Well Corrosion. Corrosion 
August, 1952, issue. NACE members, 
$.50; Non-members $1 per copy. 


Field Experience With Cracking of 
High Strength Steel in Sour Gas and 
Oil Wells. (Included in Symposium 
on Sulfide Stress Corrosion. (Pub. 
52-3) $1 per copy. 5 or more copies 
to one address, $.50 per copy. 


Sulfide Corrosion Cracking of Oil 
Production Equipment. A Report of 
Technical Unit Committee T-1G on 
Sulfide Stress Corrosion Cracking. 
Pub, 54-5. $.50 Per Copy. 


Status Report of NACE Technical 
Unit Committee T-1J on Oil Field 
Structural Plastics. Per Copy $1.00 


Reports to Technical Unit Commit- 
tee T-1J on Oilfield Structural Plas- 
tics. Part 1, Long-Term Creep of 
Pipe Extruded from Tenite Butyrate 
Plastic. Part 2, Structural Behavior 
of Unplasticized Geon Polyvinyl 
_ Publication 55-7. Per Copy 


Summary of Data on Use of Struc- 
tural Plastic Products in Oil Pro- 
duction. A Status Report of NACE 
Technical Unit Committee T-1J on 
Oilfield Structural Plastics. Per 
Copy $.50. 


Service Reports Given on Oil Field 
plastic Pipe. Activities Report of 
T-1J3 on Oilfield Structural Plastics. 
Per Copy $.50. 


Oilfield Structural Plastics Test Data 
are given. Activities Report of T-1J 
on Oilfield Structural Plastics. Per 
Copy $.50. 


Reports to Technical Unit Commit- 
tee T-1J on Oil Field Structural 
Plastics. Part 1—The Long Term 
Strengths of Reinforced Plastics De- 
termined by Creep Strengths. Part 
—Microscopic Examination as a 
Test Method for Reinforced Plastic 
Pipe. Per copy, $.50. 


Status Report of NACE Technical 
Unit Committee T-1J on Oil Field 
Structural Plastics. Part 1—Labo- 
ratory Testing of Glass-Plastic 
Laminates. Part 2—Service Experi- 
ence of Glass Reinforced Plastic 
Tanks. Part 3—High Pressure Field 
Tests of Glass-Reinforced Plastic 
Pipe. Per copy, $.50 


Proposed Standardized Laboratory 
Procedure for Screening Corrosion 
Inhibitors for Oil and Gas Wells. A 
Report of T-1K on Inhibitors for Oil 
and Gas Wells. Publication 55-2. Per 
Copy $.50. 


First Interim Report on Galvanic 
Anode Tests. (Pub. 50-2) NACE 
members, $3; Non-members, $5 per 
copy. 


Final Report on Four Annual Anode 
Inspections. A Report of Technical 
Unit Committee T-2B on Anodes for 
Impressed Current. Publication 56-1. 
Per Copy $1.00 


Some Observations of Cathodic Pro- 
tection Potential Criteria in Local- 
ized Pitting. A Report of T-2C on 
Minimum Current Requirements for 
Cathodic Protection. Pub. 54-2, Per 
Copy $.50. 


Tentative Recommended Specifica- 
tions and Practices for Coal Tar 
Coatings for Underground Use. A 
Report of Technical Unit Committee 
T-2G on Coal Tar Coatings for 
Underground Use, Per Copy 50c 


First Interim Report on Ground 
Anode Tests. (Pub. 50-1) NACE 
members, $3; Non-members, $5 per 
copy. 


Some Corrosion Inhibitors—A Refer- 
ence List. A Report of T-3A on 
Corrosion Inhibitors, Publication 
55-3. Per Copy $.50. 


Tentative Procedures for Preparing 
Tank Car Interiors for Lining. A 
Report by NACE Task Group T-3E-1 
on Corrosion Control of Roilroad 
Tank Cars. Per Copy $.50. 


Some Considerations in the Econom- 
ics of Tanker Corrosion. A contri- 
bution to the work of Technical 
Committee T-3H on Tanker Corro- 
sion by C. P. Dillon. Per copy, $.50 


Cell Corrosion on Lead Cable 
Sheaths. Third Interim Report of 
Technical Unit Committee T-4B on 
Corrosion of Cable Sheaths. Com- 
piled by Task Group T-4B-1 on Cor- 
rosion of Lead and Other Metallic 
Sheaths. Publication No, 56-9. Per 
Copy 50c 


Cathodic Protection of Cable 
Sheaths. Fourth Interim Report of 
Technical Unit Committee T-4B on 
Corrosion of Cable Sheaths. Com- 
piled by Task Group T-4B-2 on 
or fe Protection. Per copy, 


Tests and Surveys for Lead Sheathed 
Cables in the Utilities Industry. Sec- 
ond Interim Report of Technical 
Unit Committee T-4B on Corrosion 
of Cable Sheaths. Publication 54-6. 
Per Copy $.50. 


Pipe-Type Cable Corrosion Protec- 
tion Practices in the Utilities In- 
dustry. First Interim Report of Tech- 
nical unit Committee T-4B on 
Corrosion of Cable Sheaths, Publi- 
cation 54-3, Per Copy $.50. 


Progress Report of Task Group 
T-4F-1 on Water Meter Corrosion. 
Per Copy 50c 


Materials of Construction for Han- 
dling Sulfuric Acid. Corrosion, Au- 
ust, 1951, issue. NACE members, 
.50; Non-members, $1 per copy. 


A Bibliography of Corrosion by 
Chlorine. A Report of Technical 
Unit Committee T-5A on Corrosion 
in the Chemical Manufacturing In- 
dustry, Compiled by Task Group 
T-5A-4 on Chlorine. Publication 
No, 56-2. Per Copy $1.50 


Corrosion by Nitric Acid. A Prog- 
ress Report by NACE Task Group 
sao" on Nitric Acid. Per copy, 


Aluminum Versus Fuming Nitric 
Acids—A Report by NACE Task 
Group T-5A-5 on Corrosion by Nitric 
Acid. Per copy, $.50 


T-5B 


High Temperature Corrosion Data— 
A compilation by NACE Technical 
Unit Committee T-5B on High Tem- 
perature Corrosion. Publication 55-6. 
Per Copy $.50. 


Collection and Correlation of High 
Temperature Hydrogen Sulfide Cor- 
rosion Data. A Contribution to the 
work of Task Group T-5B-2 on 
Sulfide Corrosion at High Tempera- 
tures and Pressures in the Petro- 
leum Industry. Publication 56-7. Per 
Copy $1.50 


High Temperature Hydrogen Sul- 
fide Corrosion in Thermofor Cata- 
lytic Reformers. A Contribution to 
the work of Task Group T-5B-2 on 
Sulfide Corrosion at High Tempera- 
tures and Pressures in the Petroleum 
iedeatry Publication 56-8. Per Copy 


Effect of Sulfide Scales on Catalytic 
Reforming and Cracking Units. Part 
1—Metallographic Examination of 
Samples from a Catalytic Reforming 
Unit. Part 2—Intergranular Corro- 
sion of 18-8 Cr-Ni Steel as a Result 
of Hydrolysis of Iron Sulfide Scale. 
A Contribution to the Work of 
NACE T-5B-2 on Sulfide Corrosion 
at High Pressures and Temperatures 
ty Petroleum Industry. Per copy, 


Stress Corrosion Cracking in Alkaline 
— (Pub, 51-3) Per Copy, 


Some Economic Data on Chemical 
Treatment of Gulf Coast Cooling 
Waters. A Report of the Recirculated 
Cooling Water Sub-Committee of 
Task Group T-5C-1 on Corrosion by 
Cooling Waters, South Central Re- 
gion, Per Copy, $.50. 


Application Techniques, Physical 
Characteristics and Corrosion Re- 
sistance of Polyvinyl Chlor-Acetates. 
A Report of Unit Committee T-6A 
on Organic Coatings and Linings for 
Resistance to Chemical Corrosion. 
Publication 54-4, Per Copy, $.50. 


Report on Rigid Polyvinyl! Chloride. 
A Report of NACE Technical Unit 
Committee T-6A on Organic Coat- 
ings and Linings for Resistance to 
Chemical Corrosion. Publication 
56-4. Per Copy 50c 


Report on Epoxy Resins. A Report 
of NACE Technical Unit Committee 
T-6A on Organic Coatings and 
Linings for Resistance to Chemical 
Corrosion. Publication 56-5. Per 
Copy 50c 


Report on Application Techniques, 
Physical Properties and Chemical 
Resistance of Chlorinated Rubber 
Coatings. NACE Technical Unit 
Committee T-6A on Organic Coat- 
ings and Linings for Resistance to 
Chemical Corrosion. (Pub. 56-6.) 
Per copy, $.50. 


First Interim Report on Recom- 
mended Practices for Surface Prep- 
aration of Steel. (Pub. 50-5) Per 
Copy, $.50 


Second Interim Report on Surface 
Preparation of Steels for Organic 
and Other Coatings. (Pub. 53-1) Per 
copy, $1; five or more copies to one 
address, per copy $.50. 


Report on Electrical Grounding Prac- 
tices. Per Copy $.50. 


Corrosive Effects of Deicing Salts— 
A Progress Report by Technical 
Practices Committee 19. Corrosion, 
January, 1954, issue. NACE members 
$.50; Non-members $1 per copy. 
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are tabulated. Single pressing at 40 tons 
per sq. in. and sintering for thirty min- 
utes at 2100F yields tensile strength of 
74,600 psi. Highlights of successful ap- 
plications of powdered 4630A for hy- 
draulic pump gears are given. Sintered 
properties of prealloyed stainless steels 
(302B, 316, 318, 318 Si, and 431) are 
summarized. Principle involved in pro- 
ducing stainless steel powder by inter- 
granular corrosion is considered and 
tensile properties of type 302 produced 
this way are given. Stainless steel filters 
are shown.—INCO, 10621 


6.2.5, 6.3.10, 6.3.3 

Stainless and Heat Resistant Alloys. 
V. N. Krivopok AND FE. N. SKINNER. 
Metal Progress, 68, No. 3, 118-122 (1955) 
Sept. 

Reviews progress 
25 years in metallurgy of alloys for 
high temperature service. Importance 
of intelligent evaluation of alloys based 
on tests which are affected by the time 
element is discussed. Improvements 
within several classes of alloys are dis- 
cussed in terms of an appropriate basis 
of strength that indicates type of serv- 
ice for which each class is used. Accom- 
panying data sheet gives nominal chem- 
ical composition and characteristic rup- 
ture strength at 1200 and 1500F for the 
austenitic chromium-nickel steels, com- 
plex chromium-nickel steels with alloy 
additions of molybdenum, tungsten, tita- 
nium, cobalt and niobium, the early 
nickel-base alloys, complex nickel-base 
alloys and cobalt-base alloys. High 
temperature corrosion is briefly consid- 
ered.—INCO. 10805 


made during last 


6.3 Non-Ferrous Metals and 
Alloys—Heavy 


6.3.15 
Contribution to the Corrosion-Chemi- 


cal Behavior of Titanium. (In German.) 


AND R. W. 
Krupp, 13, No. 2, 


Tech. 
(1955) 


FISCHER. 
44-47 


K. JORDAN 
Mitt. 
May. 

Corrosive effects of acids, hydroxide 
salts, and gaseous halogens on titanium 
as functions of temperature and _ time. 
Tables. 8 references.—BTR. 10430 


6.3.15, 3.5.8 

The Fatigue Properties of Some Tita- 
nium Alloys. A. W. DemM ter, Jr., H. J. 
Sinnott AND L. THOMASSEN. Am. Soc. 
Testing Materials, Preprint No. 72, 1955, 
13 pp. 

Rotating beam fatigue tests on three 
commercial titanium alloys (Ti-75A, RC 
130B and RC-A110AT), titanium-6% alu- 
minum and titanium-30% molybdenum. 
Correlations made between tensile strength 
and stress for a given fatigue life. Influ- 
ence of various surface treatments, in- 
cluding shot peening, oxidizing and 
nitriding were also evaluated by X-ray 
diffraction, micro-hardness, profilometer 
and metallographic techniques, Marked 
internal heating of TI-75A during fa- 
tigue was attributed to hydrogen in so- 
lution.—BNF. 10761 


6.3.15, 3.8.4, 3.2.3 

Oxidation of Oxygen-Saturated Tita- 
nium. M. Simnap,, AIjJA SPILNERS AND O. 
Katz. J. Metals (Trans. AIME), 7, 645- 
646 (1955) May. 

Oxidation rates of oxygen-saturated 
and oxygen-free titanium between 800 
and 1200C were measured and apprecia- 
ble differences in their rates of oxygen 
uptake and activation energies were ob- 


226a 


CORROSION—NATIONAL ASSOCIATION OF CORROSION 


differences 
10400 


served. Reasons for these 


are discussed.—NSA. 


6.3.15, 4.3.2, 3.8.3 

Electron Diffraction Study on Tita- 
nium Attacked by Various Acids. SHr1Ro 
OGAWA AND DENJIRO WATANABE. SCt. 
Repts. Research Insts. Tohoku Univ., Ser. 
A, 7, 184-193 (1955) April. 

Titanium immersed in various acids 
was examined by electron diffraction. 
Surfaces attacked by hydrofluoric, hy- 
drochloric, sulfuric or phosphoric acid 
suffered considerable corrosion and yielded 
Debye rings of a face-centered cubic lat- 
tice, which was deduced as belonging to 
titanium hydride (TiH:) formed in the 
course of corrosion. At the surfaces im- 
mersed in nitric acid at room temperature 
for a long period, however, hexagonal 
rings of titanium alloy were observed 
and these surfaces were taken as the 
standard for further corrosion tests. In 
the following cases the surfaces became 
passive and protective films were formed: 
When the specimens were attacked by 
boiling nitric acid or aqua regia, anatase 
was formed, while a mixture of this and 
a rutile was seen after immersion in 
boiling 10 percent solution of chromic 
acid. The surfaces immersed in boiling 
10 percent solution of ferric chloride for 
one hour yielded many sharp rings, 
which, however, could not be assigned 
to any known compound of titanium at 
the present stage. (auth).—NSA. 10599 


6.3.15, 6.2.5, 3.7.3 

Surface Protection of Titanium and 
Stainless Steel During Heat Treatment. 
H. Drever. Metal Progress, 67, No. 6. 
87-90 (1955) June. 

Vacuum furnace with a vacuum of 10 
microns or less is most successful for 
avoiding embrittlement during heat treat- 
ment of titanium, particularly for fine 
ductile tubing, wire and thin sheet. Ex- 
tremely dry hydrogen supplied by dis- 
sociated ammonia is used for both 
bright hardening and bright annealing 
of stainless steels. Annealing require- 
ments are discussed.—INCO. 10503 


6.3.19 

Permissible Service Conditions of Die- 
Cast Zinc Alloy Components. (In Ger- 
man.) G, LreBy. Metall, 9, No. 15/16, 
658-661 (1955) August. 

Components in the two alloys stand- 
ardized in Germany are suitable for 
parts carrying petrol, etc., or subject to 
moderate corrosion. They are sufficiently 
resistant to tension, compression and 
bending stress. Temperature of 50C 
should not be exceeded. Alloys are sen- 
sitive to impact and shock. The results 
of mechanical tests at room and ele- 
vated temperature are presented. Notches 
must be avoided. Creep properties are 
unfavorable. Fatigue behavior is better 
and very dependent on fine structure. 
Wear and running properties suffice for 
many practical purposes. Alloys are 
GDZnAl4 (3.5-4.3 aluminum, 0-0.6 cop- 
per) and GDZnAI4Cul (3.5-4.3 alumi- 
num, 0.6-1 copper).—BNF, 10855 


6.3.20, 3.5.9 

High Temperature Oxidation of Two 
Zirconium-Tin Alloys. M. W. Mattett 
AND W. M. Atprecut. J. Electrochem. 
Soc., 102, 407-414 (1955) July. 

Rate of oxidation of a zirconium-1.5 
wt./% tin alloy followed a cubic law in 
the temperature range 600-900C at one 
atmosphere pressure, while the rate for 
a zirconium-2.5 wt/% tin alloy followed 
a parabolic law in the range 550 to 900C. 
The effect of tin in the zirconium in- 
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creases the porosity of films and de 
creases the time before breakdown a 
the protective properties of the film 
Tables, graphs, micrographs, diagram, § 
references.—BTR. 10545 


6.3.20, 3.5.9, 3.2.3 

An Investigation of Scaling of Zireo. 
nium at Elevated Temperatures, Quar. 
terly Status Report No. 8 (for) March 
2, 1955 to June 2, 1955. W. M. Batpwry 
Jr., H. M. GREEN anv H. E. Tucuscuy 
Case Inst. of Technology. U. S. Atomic 
Energy Commission Pubn., AE(CU. 
3032, June 3, 1955, 6 pp. 

A brief study was made of the growth 
of zirconium when exposed to a mixture 
of oxygen and nitrogen at 900C to de. 
termine the relation of the growth to 
the composition of the atmosphere. The 
surface layers of the metal were found 
to be a factor responsible for the accel. 
erated reaction NSA. 10465 


6.3.21, 1:6,5:3.2 

Manganese. A. H. Sutty. Book, 1955 
305 pp. Butterworth’s Scientific Publica. 
tions, London. 

After an introductory chapter on his. 
tory, occurrence and ores, this book 
deals with production of manganese 
ferro-alloys and pure manganese; con- 
servation and recovery of manganese 
and beneficiation of low-grade ores; 
physical properties; constitution and 
properties of manganese alloys (many 
binary and ternary alloys are covered); 
workability of manganese; plating with 
manganese, vapor phase impregnation; 
and oxidation at high temperatures— 


BNF. 10363 


6.4 Non-Ferrous Metals and 
Alloys——Light 


6.4.2, 3.8.2 

The Rate and Mechanism of Dissolu- 
tion of Purest Aluminum in Hydrofluo- 
ric Acid. M. E. StrauMANIs AND Y, \ 
Wane. J. Electrochem. Soc., 102, No, 7 
382-386 (1955) July. 

Pure aluminum (99.99%) dissolves in 
hydrofluoric acid with a rate compara 
ble to that of titanium in the same acid 
The rate of dissolution, V (cu. mm/sq 
cm min. of hydrogen), in 0.1-6N hydro- 
fluoric acid is in agreement with the 
empirical equation V = 28 + 275N, and 
for 6-10N with V = 20.44N2® Recrys- 
tallized aluminum showed the same rates 
within the error limits (+ 14%). Of the 
noble metal salts added to the acid, only 
nickel and gold increased the dissolution 
rate; deposits obtained from other salt 
solutions did not adhere to the suriact 
of the dissolving aluminum. Ammonium 
fluoride and ammonium chloride, add: 
tions to the acid decreased the dissolt- 
tion rate (passivation) because @ sal 
film was formed on the aluminum i 
face. The potential of aluminum in -- 
hydrofluoric acid was —1.22v., indicat: 
ing that the extent or thickness of pt 
tective surface films was negligible. The 
dissolution rate of aluminum in sulfur 
acid, phosphoric acid and_ other acts 
can be increased considerably by addi 
tion of water-soluble fluorides. The be- 
havior of aluminum in hydrofluoric ac’ 
as well as in hydrochloric acid, coult - 
explained qualitatively using the conc 
of local currents in a manner similat 
that proposed earlier —ALL. 10: 


6.4.2, 3.8.2 

The Difference Effect on +o" 
Dissolving in Hydrofluoric and Ft a 
chloric Acid. M. E. SrrauMANis 
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f Dissolu- IN A VINEGAR PLANT—To protect a new vinegar-manufacturing building against the corrosive fumes of acetic acid, 
eT the interior of this plant was finished with Parlon-based Rigortex, a product of Inertol Co., Inc., Newark, N. J. 
AND 1, - 
02, No.7 
—* No matter how strong the corrosive challenge ... AND A FERTILIZER BUILDING—The steel structures of this 
es : . . . . fertilizer mixing building are continually under attack from 
same acid whether it comes from acid, alkali or the elements— Draenei , nope 
1. mm/sq : mo ammonia gas, nitric acid fumes, compounds containing free 
IN hydro- Parlon-based protective coatings are providing longer sulphuric acid and free phosphoric acid. To meet this chal- 
with the § protection at lower long-term cost. lenge, Parlon-based Torex, another Inertol Co. product, was 
75N, and c ae : lait 
® Recrys Easy to apply and quick drying, Parlon-based — 
Of the chlorinated rubber paints have proven themselves in 
acid, onl} actual use where other finishes have failed to provide 
lissolutior 6 , ay : ‘ 
other salt satisfactory service. That’s why—for those hard-to- 
le surlace protect surfaces—more and more maintenance 
mmonitn : Rare : 
‘ide add people are turning to Parlon finishes to solve their 
e dissolu- er ; abide 
so protective coating problems. 
num Sit No matter how difficult your maintenance paint 
im in +: : 5 
indicat: requirements, chances are there’s. a Parlon-based 
le re coating that will meet them. For full technical data 
sible. The 


° Pa . ; ~ 
n sulfuric on Parlon, call or write your regular supplier of 





- adi quality paint finishes or write directly to Hercules. 

The be 
1oric o | 
“ conte t Cellulose Products Department 
sim HERCULES POWDER COMPANY 

999 King St., Wilmington 99, Del. 

\Juminum 
d Hydro- CR56-4 
ants 4S” BP PARLON (CHLORINATED RUBBER) PAINTS ARE AVAILABLE FROM 400 MANUFACTURERS UNDER THEIR OWN BRAND NAMES 
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Y. N. Wane. J. Electrochem. 
No. 6, 304-310 (1955) June. 
A study of the difference effect on 
aluminum is presented by comparing the 
rate of hydrogen evolution of aluminum 
dissolving in hydrochloric and hydro- 
fluoric acid, with that observed during 
anodic polarization at a certain current 
density. The positive difference of these 
rates was observed during dissolution 
of high purity aluminum coupled with 
platinum in 0.05, 0.1, 0.25, 0.5, 0.75, 1.0 
and 2.0 N hydrofluoric acid at 25C. The 
effect was directly proportional to the 
galvanic current up to 60 m. amp./sq. 
cm., being nearly independent of the 
concentration of the acid. The propor- 
tionality constant, K, was 5.34, corre- 
sponding to a polarizability of 77% for 
the aluminum in hydrofluoric acid. Pos- 
itive as well as negative difference effects 
were observed under the same condi- 
tions while aluminum was dissolving in 
0.1, 0.25, 0.5, 0.75, 1.0 and 2.0 N hydro- 
chloric acid. Points for the positive 
effect at low current densities, as well 
as those for the negative effect at higher 
current densities up to 200 m. amp./sq. 
cm., lay along a downward exponential 
curve. The effect was independent of 
the concentration of the acid. The posi- 
tive effect is explained by the anodic 
polarization of aluminum by the addi- 
tional current and the negative one, 
which actually represents an overlap- 
ping of both effects, by the breakdown 
of the surface film because of the same 
current. A theoretical treatment of both 
effects is given. The “polarizability” in 
percent (P%) is introduced. It is con- 
cluded that the dissolution of aluminum 
in hydrofluoric acid is an electrochemi- 


cal process.—ALL. 10367 


Soc., 102, 


6.4.2, 5.9.4 

Corrosive and Electrochemical Be- 
havior of Electropolished Aluminum. (In 
Russian.) I. L. RozenFet’> AND P. V. 
SHCHIGOLEV. J. Phys. Chem., USSR (Zhur. 
Fiz. Khim.), 29, No. 4, 668-670 (1955) 
April. 


Role of oxide film in the increased 


corrosion resistance of electropolished 
aluminum; advantages of electropolished 
over mechanically polished aluminum 
subjected to sodium sulfate and sodium 
chloride solutions; effect of copper, stain- 
less steel, zinc and magnesium in contact 
with aluminum. Cathodic polarization. 
Graphs. 1 reference —BTR. 10542 


6.4.2, 6.4.4 


Light Alloys and the Fight Against 
Corrosion. (In French.) JEAN HEREN- 
GUEL, Metaux, Corrosion-Industries, 30, 
No. 361, 315-323 (1955) September. 

The scientific and industrial procedure 
devised to determine whether or not a 
light metal, due to its corrosion proper- 
ties, is suitable for a given application, 
is studied. The factors investigated 
were: uniform stress, alternating stress, 
the gradient of static stress and chemi- 
cal reagents such as seawater, hydrogen 
peroxide and hydrochloric acid. The 
methods used in such tests include con- 
tinuous immersion, periodic immersion, 
aerosol treatment, sprinkling or expo- 
sure to actual service conditions, The 
effect of temperature, atmospheric and 
soil conditions is also evaluated. The 
results of such observations indicate a 
general rule for the composition of light 
alloys, i.e., the addition of a metal listed 
closer than aluminum or magnesium to 
the positive end of the solution potential 
series, is unfavorable. Percentages of 
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zinc, manganese, titanium, zirconium, 
iron and magnesium which may be added 
to aluminum without appreciably chang- 
ing its corrosion properties are given. 
The effect of metallurgical treatments 
and welding on the corrosion properties 
of the metal is discussed. Corrosion pro- 
tection by application of metallic, inor- 
ganic and organic coatings is studied.— 


ALL. 10781 


6.4.2, 8.9.1 

An Investigation of the General Met- 
allurgy of Aluminium-Base Aircraft Al- 
loys. W. F. HELLER AND J. M. THOMPSON. 
Gen. Motors Eng. J., 2, No. 4, 26-30 
(1955) July-August. 

Mentions about eight commonly-used 
American aircraft alloys and deals in 
some detail with 2024, aluminum-4.4 
copper-1.5 magnesium-0.5 manganese: 
effect of individual alloying elements, 
cladding, uses in aircraft design, solu- 
tion heat-treatment and_ precipitation 
hardening, Other aircraft alloys will be 
the subject of further investigations.— 


BNE. 10784 


6.4.3 

Corrosion of Beryllium in Air. JAMES 
L. EncusH. “The Metal Beryllium” 
(American Society for Metals, Cleve- 
land), 1955, 530-532. 

Resistance of beryllium to corrosion 
at room temperature when in various 
worked forms, such as extrusions and 
machined specimens.—BTR. 10536 


6.4.2 

Corrosion Resistant Aluminum Above 
200C. J. E. Dratey anp W. E. RUTHER. 
Argonne National Laboratory. U. S. 
Atomic Energy Commission Pubn., ANL- 
5430, July, 1955, 37 pp. 

Alloy of 1 percent nickel in 2S alu- 
minum is stable to 200C and above. Use 
and fabrication is detailed. Tables, graph, 
diagrams, photographs, micrographs. 7 
references.—BTR. 10762 


6.4.3 

Corrosion of Beryllium in Water. 
James L. EncttsH. The Metal Beryllium 
(American Society for Metals, Cleve- 
land), 1955, 533-548. 

Aqueous corrosion of beryllium in 
high purity water systems at tempera- 
tures below 100C. Effect of pH, temper- 
ature, dissolved gases, dissolved ions, 
and corrosion control methods are dis- 
cussed. Tables, graph. 22 references.— 


BTR. 10510 


6.4.3, 4.7 

Corrosion of Beryllium in Liquid 
Metals. R. F. Koentc. The Metal Beryl- 
lium (American Society for Metals, 
Cleveland), 1955, 549-554. 

Results of corrosion tests of beryllium 
in liquid bismuth, bismuth-lead_ eutectic 
alloy, bismuth-lead-tin eutectic alloy, gal- 
lium, lead, lithium, mercury and sodium. 
Tables, graph, 10 references.—BTR. 

10438 
6.4.3, 6.7.2, 1.6, 6.6.6 

The Metal Beryllium. D. W. Wuirte, 
Jr. AND J. E. Burke. Book, 1955, 703 pp. 
American Society for Metals, 7301 Eu- 
clid Avenue, Cleveland 3, Ohio. 

Covers importance of beryllium, ores, 
fabrication, properties, brittleness prob- 
lems, corrosion, alloys, cermets and ce- 
ramics, health hazards and analytical 
chem‘stry.—INCO. 10330 


6.4.4 
Corrosion Protection of Magnesium 
Alloys. Maurice Harpourtn. Metal Ind. 


ENGINEERS Vol. p 
(London), 87, No. 19, 
November 4. 
Following a general study of the cor. 
rosion behavior of magnesium, some of 
the newer methods of its corrosion. 
protection are reviewed and compared 
to more conventional protective meas. 
ures. The effect of alloying elements 
such as iron, nickel and copper in mag. 
nesium and magnesium-aluminum alloys 
is discussed. It is stated that the com. 
mon drawback of the protective films 
produced on magnesium is their lack o; 
flexibility which makes them peel of 
when the base metal is subjected 
deformation. In aircraft applications 
therefore, oxide coatings, produced hy 
methods such as the HAE, Dow 17 or 
CR 22 processes appear to be of less 
interest than in certain military or elec. 
trical uses.—ALL. 10 


6.4.4 

Quality of Magnesium Remelt Alloys. 
(In German.) K. E. MANN. Giesserei, 42, 
No. 19, 515-519 (1955) Sept. 15. 

After the war, owing to lack of inter- 
nal production of magnesium in West 
Germany, it was necessary to rely largel 
on remelted material. Up to 0.35 percent 
copper had to be permitted. Investiga- 
tion has shown that in AZ91 (9.5 alu- 
minum, 0.4 zinc, 0.3 manganese), contrary 
to current belief, this copper content 
was, from both corrosion and strengt! 
points of view, not objectionable. More- 
over, up to 0.7 percent silicon has n 
bad effect on corrosion and strength of 
chill-cast test bars. It is claimed that 
by suitable refining and analytical con- 
trol material equal to pure virgin metal 
may be obtained even from melts of 10 
percent bad scrap. This is supported by 
years of works experience. Present in- 
vestigation also covers effects of iron 
and tin —BNF. 1088] 


385-387 (1955) 


6.5 Metals—Multiple or 
Combined 


6.5, 1.6 
Engineering Metallurgy. L. F. Mov- 
DOLFO AND O. ZMESKAL. Book, 1955, SM 
pp. McGraw-Hill Book Co., Inc., New 
York and London. 
This book is written for engineers 
whose primary interest is not metallurg) 
but who are required to have some 
knowledge of the subject. In nearly 4 
pages the authors have outlined man) 
of its aspects, the fifteen chapters com- 
prising extraction of metals, atomic ané 
crystal structure, equilibrium diagrams 
structure and properties of alloys, cast 
ing principles and practice, plastic de- 
formation and annealing, fabrication. 
phase transformations, annealing and 
heat treatment practice, joining, powde! 
metallurgy, corrosion and _ protectio: 
Chapters 14 and 15 comprise a list 0 
properties, uses, availability, etc, % 
most common metals and their ale 
O01 


TIME. 


6.5, 2.3.6, 2.3.9, 1.6, 3.5.9 ; 

The Investigation of the Minor Phases 
of Heat-Resistant Alloys by Electron 
Diffraction and Electron Microscopy: 
L. O. Brockway anp W. C. BIGELOW 
Engineering Research Inst., Michiga! 
Inst., Michigan Univ. U. S. Wright ss 
Development Center, Tech. Rept. >* 
589, May, 1955, 78 pp. aa 

The combined use of electron diffret 
tion ard electron microscopy provits: 
a very sensitive method for the study ° 
the minor phases of alloy systems. (UP 
rent interest in the properties of heat 
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sistant alloys and their dependence on 
‘ye minor pases formed under stress 
ad high temperatures has led to the 
ipplication of this method to the heat- 
-esistant alloys, Various polishing and 
stching procedures have been examined 
+) determine those which are best suited 
jor providing the special surface prepa- 
rations necessary lor the success of the 
method. Using these procedures, the 
aectron diffraction and electron micro- 
scopic techniques have been used in de- 
wiled studies of the development of 
minor phases in 16-25-6 and Inconel-X 
joys during aging at 1200, 1400, and 
100 F. Preliminary studies of a similar 
nature have been made on S816 and 
low-carbon N-155 alloy. In addition, the 
xide phase of a sintered aluminum 


sroduct has been identified. (auth).— 
oA 10739 


5, 5.3.2, 1.6 ; 
Handbook of Hard Metals. W. 


DawrHL, Book, 1955, 162 pp. Published by 
HM. Stationery Office for Dept. of 
Scientific and Industrial Research, Lon- 
jon, England. 

This is based on a translation of the 
manuscript of a German book by the 
author obtained after the end of the 
war: it has been condensed by omission 
{information already available in Eng- 
lish. Chapters cover metallography, 
preparation of powders for pressing, 
sintering, properties of the sinter, wear, 
cast tungsten carbide, hard-facing al- 
loys, tungsten-free materials, industrial 
production —BNF. 10734 


6.6 Non-Metallic Materials 


6.6.6 

Ceramic-Tipped Tools Cut Steel. 
Russians Report.) Machinist, 99, No. 8, 
326-328 (1955) Feb. 

Use of ceramics for tools in USSR 
and Eastern Europe; includes thermo- 
corundum, TSM-332, TsV-18, etc. Brit- 
tleness limits use, but hardness and 
high temperature strength said to be 
superior to carbides; use without cool- 
ant possible; bibliography.—BNF., 

10880 


6.6.6, 1.6 

Investigation of Refractory Metal- 
Oxygen Systems for Possible New Ce- 
ramic Compositions. W. J. KRAMERS, 
W. B. Rorsey, J. R. SmitH anv D. R. 
Wartraker. Gt. Britain Atomic Weapons 
Research Establishment, Aldermaston, 
Berks, England, May 6, 1955, 81 pp. 
The phase distribution and properties 
obtained in various refractory metal- 
oxygen systems including titanium, zir- 
comum, chromium, thorium and tantalum 
are described. Microscopic, x-ray and 
micro-hardiess determinations have been 
used to characterize the phases obtained 
in both binary and multi-component sys- 
tems. The resistance of some of the 
compositions prepared to oxidation and 
‘0 molten titanium has also been briefly 
investigated. (auth.)—NSA. 10842 


6.6.6, 6.7.2 

_ Super-Refractory Materials. R. A. 
‘ONG. Ferrotherm Co. Metal Progress, 68, 
No. 3, 123-128, 190, 192 (1955) Sept. 

' Most promising of three varieties now 
‘Nown are titanium carbide plus nickel, 
“romium, molybdenum or cobalt binder, 
‘epresenting the cermets; molybdenum 
Alsilicide, representing the intermetal- 
ts; and molybdenum, representing the 
‘ractory elements. Developments in 
tach field are briefly described. Table 
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how to 


CUT CORROSION LOSSES 


a report by Koppers Company, Inc. 


The two most recent reports in this monthly 
series have stressed the importance of good 
surface preparation and described methods 
used to clean metal surfaces prior to the 
application of protective coating systems. 
This report describes an experiment, con- 
ducted under service conditions, which 
illustrates striking differences in coating 
performance due solely to differences in 
surface preparation. 


* * * 





W. F. Fair, Jr. 


In 1952 speculation arose concerning the 
Corrosion Consultant 


contribution of wash primer surface condi- 
tioners and of inhibitory pigmented primers, when used with coal tar 
coating systems. Dr. Joseph Bigos of the Steel Structures Painting 
Council, and editor of the Steel Structures Painting Manual, participated 
in the discussions, giving freely of his time and experience. 

When it was decided to subject certain typical protective coating 
systems to an environment of known high corrosivity, two areas in the 
Koppers Coke Plant at Kearny, N. J., were selected. The location of this 
plant on tide water, fumes and “coke breeze” from adjacent ovens, 
saline condensation from the coke quenching, and seasonal temperature 
shocks assured rugged testing conditions. 

The areas tested were an actifier tower and three oxide box tops, total- 
ing nearly 5,000 sq. ft. of steel surface. Fourteen coating systems were 
applied in duplicate 2-foot-wide strips on the vertical actifier tower, 
after thorough sandblasting. Of the flat box top areas, half were cleaned 
by sandblasting and half by power wirebrushing, and the same fourteen 
coatings were applied on both of these differently cleaned areas. 

Primers used were a conventional coal tar cutback, three wash primers, 
two epoxy red leads, two phenolics, four special proprietary formula- 
tions, and three experimental coal tar solutions. Barrier coats over 
primers were Bitumastic® No. 50, Bitumastic Super Service Black, 
and Bituplastic® No. 28. For comparison, unprimed sections received 
the same coatings. Bituplastic No. 28 was used to topcoat all areas. 

* * * 

At the end of only one year, all systems on the wire-brushed areas— 
both primed and unprimed—had blistered and soon showed universal 
disbonding. After two years, disbonding and undercutting on these 
areas had caused complete coating failure. Now, after more than three 
years, all the coating systems on the sandblasted areas—both primed and 
unprimed—are in perfect condition and show no signs of deterioration. 

In such severe corrosion environments, it is obviously futile to con- 
sider any but the best surface preparation. Also, it must be concluded 
that priming cannot compensate for incomplete metal cleaning. 

* * * 

Our Technical Department makes semi-annual inspections of this con- 
tinuing test. We'll be glad to notify you of these inspection tours if you 
would like to be present. Write Koppers Company, Inc., 1301 Koppers 
Building, Dept. 100K, Pittsburgh 19, Pa. District Offices: Boston, Chi- 
cago, Los Angeles, New York, Pittsburgh and Woodward, Ala. In Can- 
ada: Koppers Products, Ltd., Toronto, Ontario and Edmonton, Alberta. 
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KOPPERS 


COATINGS AND ENAMELS 
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giving oxidation resistance and maxi- 
mum mechanical properties of the super- 
refractory alloys includes Kennametal’s 
K 175 B (titanium carbide plus 60 
nickel-molybdenum-aluminum alloy) and 
K 162 B (titanium carbide plus 30 
nickel-molybdenum alloy), Firth-Sterling’s 
FS 26 (54 titanium carbide, 40 nickel, 
chromium carbide), and NiAl. NiAl has 
excellent resistance to oxidation and 
thermal shock with impact strength 
three times greater than carbide cer- 
mets. Impact strength of molybdenum 
disilicide is improved by alloying with 
nickel, cobalt and platinum.—INCO. 
10859 


6.6.6, 8.6.3 

Glass Piping Installed to Convey 
Chemical Dyes. M. C. Kenpricx. Heat- 
ing, Piping, Air Conditioning, 27, No. 9, 
97-99 (1955) September. 

2000 feet of precut 1% inch diameter 
corrosion and heat resistant glass pipe 
transports corrosive chemicals and dyes 
in Am. Thread Co.’s textile finishing 
plant. In use since 1952, piping shows 
no discoloration or corrosion and is 
cleaned by simply flushing water through 
it. Stainless steel piping is used to con- 
nect glass system with drug room and 
to provide rigid connections to dye ma- 
chines.—INCO. 10796 


6.6.7 


Compounding Silicone Rubber. P. C. 
Servais. Dow Corning Corp. Rubber Age, 
76, 879-881 (1955); Chem. Absts., 49, 
9955a (1955). 

The properties are discussed of di- 
methylsiloxane polymer and a low-tem- 
perature modification containing phenyl 
groups, and the fillers, additives, and 
vulcanizing agents recommended as 
compounds. Fillers include fine silicas, 
metal oxide and whiting; additives in- 
clude oxides of iron, nickel, chromium, 
cadmium and titanium as colors and 
cadmium and mercury oxides for low com- 
pression set; organic peroxides (benzoyl 
and dichlorobenzoyl) and tert-butyl per- 
benzoate cause cross-linking (vulcaniza- 
tion). A vinyl-silicone polymer (DC-410 
gum) can be vulcanized with sulfur and 
sulfur-containing vulcanizing agents and 
blended with organic rubbers to improve 
weather and oxygen resistance and low- 
temperature flexibility. Carbon black and 
zinc oxide inhibit this vulcanization.— 
INCO. 10393 


6.6.8 

Finishes for Plastics. J. B. CAMPBELL. 
Materials & Methods, 41, No. 6, 119-134 
(1955) June. 

Manual describes the paint, ink, me- 
tallic and other coatings used on plas- 
tics. It tells what types of finishes are 
available, how they can be applied, what 
advantages they offer and what limita- 
tions must be considered. Ink and paint 
finishes applied by spraying, brushing, 
dipping, silk screening, offset printing 
and others are discussed. Applications 
for metal coatings include metallizing, 
electroplating, sputtering and chemical 
reduction, Although silver is most com- 
mon, copper, nickel and gold films can 
also be applied to plastics by chemical 
reduction. In selecting a finish, specific 
functional advantages or decorative et- 
fects should be considered.—INCO. 


10483 


6.6.8, 1.6 

Plastics for Corrosion-Resistant Ap- 
plications. RAymMonp B. SEYMOUR AND 
Ropert H. Sterner. Book, August 23, 
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1955, 423 pp. Reinhold Publishing Corp., 
New York. 

A thorough discussion of the modern 
use of plastics for industrial purposes. 
Much of the data are presented in tabu- 
lar form and each of the sections is ade- 
quately referenced. A survey of some of 
the subject headings indicates the thor- 
oughness of the work. For example, 
Section 3—Plastic Materials of Con- 
struction, contains the following sub- 
headings: protective coatings, organic 
linings, chemical resistant mortar ce- 
ments, casting resins, cellular plastics, 
plastic impregnants, industrial adhesives 
and reinforced plastics. 

Other sections are: general, thermo- 
plastic applications, applications of plas- 
tics in masonry construction, plastics 
selection guide. The last section makes 
recommendations on the slection of spe- 
cific materials to meet specific corrosion 
problems. Data are included on floor- 
ings, tank cars and trucks, exhaust and 
piping systems, paper mill applications, 
steel pickling, textile industry, food in- 
dustry and others. Numerous tables of 
data are given. There is an author and 
an alphabetical subject index, 10409 


6.6.8, 3.4.9 

Effect of Water on Strength of Struc- 
tural Plastics. W. H. SHARP Aanp M. K. 
WEBER. Corrosion, 12, No. 2, 71t-78t 
(1956) February. 

Evidence is presented to show that 
glass reinforced plastics undergo sub- 
stantial reductions in strength when ex- 
posed to water. Emphasis is placed on 
the importance of determining the total 
loss of strength by creep measurements 
in the environments and at the temper- 
ature of interest. Results from such 
measurements are much more revealing 
than the commonly used method of 
short term immersion followed by rapid 
ultimate strength measurements in air. 
Convenient methods are described for 
obtaining comparative creep strength 
data for resins, for flat laminates and 
for pipe sections. Results obtained from 
these methods are used to indicate the 
most important factors which determine 
the wet strength of resin and of glass 
reinforced resin. 10655 


6.6.8, 3.5.4 

Degradation of Plastics. J. R. Majer. 
Chem. Age, 72, No. 1852, 149-154 (1955) 
Jan, 8. 

Review of literature on mechanism of 
degradation and radiation effects. In- 
cludes plasticizer decomposition or loss 
to surrounding air, effect of ultraviolet 
light, thermal instability, action of cata- 
lyst in polymerization, Becquerel effect 
in relation to absorption by dyes of 
light energy which is transferred to 
chemical system, identification of poly- 
mers, ionization radiation. Bibliography. 


—BL. 10882 


6.6.8, 7.5.5, 8.8.3 

PVC and Fibre Glass Processing 
Tanks in the Electroplating Industry. 
E. Martin. Electroplating, 8, No. 8, 284- 
286 (1955) August. 

Properties and applications of rigid, 
laminated and plasticized polyvinyl chlo- 
ride and fiberglass and construction of 
equipment, e.g., solid plastic or fiber- 
glass tanks, tanks lined with PVC or 
fiberglass, etc—BNF. 10888 


6.6.8, 7.7, 3.5.8 

Internal Stresses in Polyethylene In- 
sulating Covers for Marine Cables. Part 
II. The Effect of Differential Cooling 
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Temperature of Tube. (In German )W 
Kortscu. Kolloid-Z., 141, No. 3, 160-16; 
(1955) May. 

Effect of cooling temperatures on in- 
ternal stresses and_ stress 
Tables, graphs, diagrams. 
—BTR. 


6.6.8, 8.8.3 

Reinforced Plastics for Plating Plants 
H, Sirman. Product Finishing, 8, Nos. 4 
5, 56-61, 118; 54-62, 116 (1955) April 
May. : 

Uses of glass fiber reinforced plastics 
in the plating shop. Production of fiber 
and curing of impregnated laminates: 
methods of molding of reinforced elas 
fiber material; design considerations: 
chemical properties; production of plat- 
ing and rinse tanks; other applications, 
—BNF. 10396 
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7.1 Engines, Bearings and 
Turbines 


corrosi Nn. 
13 references 
10440 


Ta 

Recent Developments in the Design 
of Brush Radial Flow Turbines, L. F. 
ROBINSON AND R. D. Taytor. Australasian 
Engr., 1955, 89, 91, 93, 95, 97, 99, 101, 
September 7. 

Discusses advantages and develop- 
ment of the Brush-Ljungstrom double 
rotation radial flow steam turbine and 
reviews investigations of possible chem- 
ical and metallurgical, vibrational and 
constructional causes for turbine failure. 
Problem of blade twisting due to roll- 
ing lip of strengthening ring lifting on 
the rings built up from individually 
milled blades is discussed in detail. Stress 
corrosion studies were made on nickel- 
chromium-molybdenum and chromium- 
molybdenum steel ring materials. Inci- 
dence of stress corrosion cracking was 
reduced by stress relieving the rolling 
edge.—INCO. 10967 


7.2 Valves, Pipes and Meters 


7.2 

Progress Report of Task Group 
T-4F-1 on Water Meter Corrosion. 
R. W. Henke, Chairman. Corrosion, 12, 
No. 1, 77-80 (1956) Jan. 

The susceptibility of water meters to 
corrosion is discussed with particular 
attention paid to the manner in which 
corrosion affects the operation of the 
individual parts. Case studies are given 
with accompanying illustrations. Other 
topics discussed include the economic 
aspects of water meter corrosion, the 
nature of the corrosion problem and 
factors contributing to corrosion. Sug- 
gestions are made regarding the type 0! 
research to be conducted in future - 
vestigations. 10543 


72,43.3; 7.1 : 
Exhaust Valve Corrosion in Gasoline 
Engines. C. H. ALLEN AnD M. J. Tat 
SCHEK. Automotive Inds., 112, No. 11, 5 
55, 116, 118 (1955) June 1. 
Resistance of material to corrosion 
molten lead oxide is used as means 0 
expressing relative corrosion resistance 
in developing suitable valve alloys. All 
valve alloys currently in use were sub- 
jected to this test (Silcrome XB, XCR, 
10 and 10N, 21-12N, 21-4N, TPM alloy). 
Influence of silicon on corrosion rate ® 
discussed, Comparing corrosion rates 
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J-M Asbestos Pipe Line Felt 
provides rugged strength and 
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long life for pipe line coatings 


Permits high-speed wrapping and 
effective protection for enamels 


Johns-Manville Asbestos Felt gives 
pipe line coatings the rugged 
strength that is needed to guard the 
tnamel from years of soil action. It 
forms a stable coating to reduce the 
hazards of pipe line corrosion leaks 
and provides a sound foundation 
when cathodic protection is used. 
Inorganic asbestos felt is the only 
Wrapper that has survived more 
than half a century of actual service 


JOHNS MANVILLE 


Johns-Manville 


PRODUCTS 


conditions in all types of soils. 

J-M Asbestos Pipe Line Felt acts 
as a continuous sheath over the en- 
amel... guarding the coating from 
the effect of the shifting grip of the 
soil as it expands and contracts 
due to alternate wetting and drying. 
It resists the destructive action of 
bacteria, fungi and soil chemicals, 
thus assuring long life to pipe line 
coatings. 


J-M Asbestos Pipe Line Felt 
is available in two types 
for field application or 
mill wrapping 


Transhield® 
Asbestos Pipe 
Line Felt—for 
average soil 
conditions. 


#15 Asbestos 
Pipe Line Felt 
—heavy-duty 
material for 
severe soil 
conditions 
where a 
heavier 
material is 
desired. 





For further information about Johns- 
Manville Products for Pipe Line 
Protection, write to Johns-Manville, 
Box 14. New York 16, N. Y., in 
Canada, Port Credit, Ontario. 


ASBESTOS FELT FOR 
PIPE LINE PROTECTION 
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J. M. PEARSON 


Contributions of 
J. M. Pearson 
to Mitigation of 
Underground 
Corrosion 


Six articles by the late Dr. J. M. 
Pearson and one by an associate 
prepared under his leadership are 
reprinted for the information of 
new workers and established investi- 
gators into underground corrosion 
problems. Dr. Pearson, recipient of 
the 1948 NACE Speller Award for 
achievements in corrosion engineer- 
ing, is recognized for his outstanding 
work on problems associated with 
corrosion of metals underground. 
The articles, originally published dur- 
ing 1941-44 in The Petroleum Engi- 
neer and in Transactions of The 
Electrochemical Society are reprinted 
by permission in this book dedicated 
to him. e 
Papers included are: 
Electrical Examination of Coatings on 
Buried Pipelines 
“Null” Methods Applied to Corrosion 
Measurement 
Determination of the Current Required 
For Cathodic Protection 
Concepts and Methods of 
Cathodic Protection, Parts |, Il and III 
Preventive Maintenance by Systematic 
Pipeline Inspection by 
Donald F. Van de Water 
2 
56 pages, 82x11 inches, paper Cover. 
1956. NACE Publication 56-12. Per 
copy, postpaid. 


$5 


Add 65 cents per copy for book post 
registry to all addresses outside the 
United States, Canada and Mexico. 


NATIONAL ASSOCIATION OF 


CORROSION ENGINEERS 
1061 M & M Building 
Houston, Texas 


Foreign remittances should be by inter- 
national postal or express money order 
or bank draft negotiable in the U.S. 
for an equivalent amount of U. S. funds. 
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the chromium-nickel and chromium- 
manganese steels, it appears that nickel 
and manganese are interchangeable, Be- 
cause of factors relating to processing of 
valve alloys and their physical proper- 
ties, chromium-nickel-manganese austenitic 
steels appear to be optimum. TPM alloy 
(73% nickel-16% chromium) has proved 
successful in aircraft valve applications, 
reducing valve failures in one case by a 
factor of 7. Corrosion resistance of con- 
ventional valve facing alloys (Stellite 6, 
Stellite, F, X-782, Endurite, Nichrome) 
to lead oxide is plotted. X-782 (60% 
nickel—25% chromium) is used to coat 
seats and heads of aircraft valves made 
from TPM. Tables, graphs——INCO. 
10487 


1:2, 7.1,4.2.3 

Corrosion of Gasoline Engine Exhaust 
Valve Steels. C. H. ALLEN anv M. J. 
TAUSCHEK. Corrosion, 12, No. 1, 39t-46t 
(1956) Jan. 

The corrosion environment surround- 
ing the exhaust valves in gasoline en- 
gines is considered in connection with 
the types of corrosion that can occur 
there. Included in the discussion are 
valve face, valve head, valve stem and 
weld junction corrosion. 

A method of evaluating the corrosion 
resistance of exhaust valve steels is given. 
The effect of analysis variation in the 
chromium-nickel, chromium-nickel-man- 
ganese and chromium-nickel-cobalt steels 
as it influences corrosion is presented. 
Other matters discussed include the in- 
fluence of silicon on the corrosion of 
valve steels, the effect of a variation in 
nickel-iron content on aircraft valves, 
and the use of valve rotators in reducing 
exhaust valve corrosion. 10573 


v2 

Piping Materials for the Chemical 
Process Industries, J. W. GREEN. Can. 
Chem. Processing, 39, No. 11, 48-50, 52, 
54, 56 (1955) October. 

Discusses special properties and appli- 
cations of ferrous and non-ferrous pip- 
ing materials including carbon steels 
and wrought iron, low alloy and inter- 
mediate alloy steels, stainless steel, cop- 
per and copper alloys, nickel and nickel 
alloys and aluminum and aluminum al- 
loys. 3%4% nickel steel is most readily 
available steel for temperatures —50 to 


—150F.—INCO. 10782 


7.2 

The Design of “Balanced” Stop Valves. 
Part VI. G. H. Pearson. Fluid Handling, 
No. 69, 272-274 (1955) Oct. 

Discussion of forces required to close 
piston type valves including frictional 
resistance to motion of piston, frictional 
resistance of stuffing box and gland, up- 
thrust occasioned by steam pressure act- 
ing on unbalanced cross-sectional area of 
actuating spindle and clamping forces 
required to be exerted at seating faces 
to ensure a steam tight joint. Tabulation 
of static coefficient of friction of various 
seating materials commonly employed in 
combination in steam valves includes 
bronze, Gunmetal, Monel, nickel bronze, 
nickel-chromium steel and _ phosphor- 
bronze. Values are for dry surfaces and 
may be appreciably reduced for type of 
valve in question since provision is made 
for lubrication. —INCO. 10853 


7.2, 4.3.5 

Piping for Industrial Gases. Air Con- 
ditioning, Heating & Ventilating, 52, No. 
11, 69-76 (1955) Nov. 


Covers design, installation and testing 


of pipelines used to transport gases sucl 
as oxygen, acetylene, nitrogen and argon 
from central station to areas of use 
Tables of flow capacities are given i. 
determining nominal pipe sizes. Tis. 
carbon steel, wrought iron, copper and 
brass are materials used. Aluminum ‘ie. 
ing is not used due to corrosion and pitting 
when in contact with alkaline compo. 
nents or other metals. Although low. 
carbon steel is susceptible to externa 
corrosion (offset by proper _protectiy; 
coating), no internal corrosion occurs 
due to low moisture content of gases 
Copper and brass combine with acety. 
lene to form explosive compounds whik 
steel and iron piping in acetylene system 
must be galvanized to prevent rusting 
Overhead and underground installation 
pressure relief, line shut-off and hydraulic 
back-pressure valves, pipe preservation, 
and blowing out are discussed.—INCOQ 

10693 


he ed 

Cathodic Protection for Oil-Well Cas. 
ing. J. P. Barretr anv E. D. Goutp, 0; 
Gas J., 54, No. 11, 90-91 (1955) July 18 

Main causes of external casing cor- 
rosion are electrolysis caused by cur- 
rent from surface lines flowing down 
casing and leaving it at anodic areas, 
electrolysis caused by casing shorting 
out electric potentials between different 
earth strata, action of anaerobic sulfate. 
reducing bacteria, and acidic waters. First 
cause can be eliminated by insulating 
casing from all surface lines, while ca- 
thodic protection can be used for the 
other three. Current requirements are 
determined by surface-potential or cas- 
ing-potential-profile methods. Currents 
in the range of 3 amperes are usually 
enough to give protection. Graphs— 


INCO. 10467 


7.2, 8.4.3 

Oil-Well Casing and Tubing Trov- 
bles. H. G. Texter. Paper before Am 
Petroleum Inst., Div. of Production, 
New Orleans, 1955. Oil Gas J., 54, Nos 
9, 13, 17, 86-92, 95-96; 84-91; 85-88, % 
(1955) July 4, August 1, August 29. 


Detailed review of tension failure and 
collapse in casing and tubing is given 
Failure by bursting, failure of last en- 
gaged thread, leakage and crushing are 
discussed. Final installment covers wear, 
erosion, buckling, torsion, corrosion ané 
miscellaneous failure. Since corrosion 1- 
creases friction, use of corrosion inhib- 
itors is useful from mechanical-weat 
standpoint. Illustrations show oxidation 
corrosion, or “ringworm” corrosion, 0¢- 
curring most often in non-normalized 


upset tubing. 25 references—INCO, 


eae 


7.3 Pumps, Compressors, 


Propellers and Impellers 
ccinatuisipmpummat ceansiapeaitsca ieee 


7.3 

Centrifugal Pump Materials. |. | 
Karassik AND R. Carrer. Worthington 
Corp. Air Conditioning, Heating, Venti- 
lating, 52, No. 6, 120-123 (1955) June. 

Casings are usually made of cast Ifo! 
Alloyed cast iron or cast steel are use’ 
in pumps handling liquids (such . 
brine) at very low temperatures, = 
is used when liquid pumped is mildly 
corrosive and stainless steel casings » 
used for corrosive liquids. Bronze = 
pellers and wearing rings are genefaly 
preferred when handling average 





Octobe 





Vol P CORROSION ABSTRACTS 


Zases suc} 
1 and argo; 
‘aS of Use 
e given for 
izes, Low- 
Copper and 
minum pip. 
| and pitting 
ne compo- 
lough low 
tO external 
protective 

ion occurs 
t of Sases 
with acety- 
unds whik 
ene Systen 
nt rusting 
nstallation 
id hydrauli 
“eservation, 
d.—INCOQ 
10693 


1056 Authors 
Help You Solve 
Your Corrosion 
Control Problems 


-Well Cas. 
GouLp. (i 
5) July 18 
‘asing cor- 
d by cur- 
ving dowr 
dic areas, 
g shorting 
n different 
Dic sulfate. 
aters. First 
insulating 
while ca- 
“for the 
ments are 
ial or cas- 
Currents 
re usually 
Graphs.— 
10467 


4000 REFERENCE PHRASES 
to 3591 Pages of Technical Literature 


TEN YEAR INDEX 
to CORROSION 
1945-1954 


NACE Publication 
No. 56-10 


ing Trou- 
efore Am 
'roduction, 
., 54, Nos 
85-88, 90 
ist 29, 


ailure and 
is given 
f last en- 
ishing are 
vers wear, 
‘osion and 
‘rosion in- 
ion inhib- 
nical-weat 
oxidation 
osion, 0¢- 
ormalized 
NCO. 
10357 


what you will find 
in the Index: 


A carefully compiled, conscientiously arranged 
and properly printed key to the wealth of 
engineering information published in the NACE 
monthly journal CORROSION. Only Technical 
Section pages are covered. 


4000 reference phrases, more than one 
reference per page of text 


629 titles to articles arranged chronolog- 
ically and by page number 


Please send postpaid to the person named below copies of the Ten Year 
1056 authors’ names, referenced to articles Index to Corrosion as indicated. (Please typewrite or print.) 
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POSITIONS WANTED Positions Available 
and 


_ AVAILABLE MANUFACTURERS’ 
* Companies. seeking ‘employees may run REPRESENTATIVE 


without charge two consecutive advertise- 
ments annually under this heading, not Excellent opportunity to represent nationally 


over 35 words set in 8 point text type. known chemical manufacturer. Complete line 
Advertisements to other specifications will of chemical, corrosion, resistant cements and 
be charged for at $10 a column inch. coatings for the Eastern Michigan territory. 
Prefer man with experience in related product 
lines. Write now giving experience, lines 
handled, territories traveled, ete., in first 


Positions Available letter to 
PENNSYLVANIA SALT 


BBR MANUFACTURING CO. 


ENGINEER +3 Penn Center Plaza 


High Temperature Phila. 2, Pa. 
Metallurgy and a aero 
Corrosion Research 
on Nuclear Flight 
Project Corrosion and/or 


This senior research position in ° 

the application of nuclear Materials Engineer 
energy to the field of flight calls 

for both versatility and breadth 

of creative thinking. Every bit Wanted 

of the talent that the qualified 

engineer brings to this position 

will be effectively employed in Medium-sized Midwest Chemical com- 
research designed to provide im- : F B 

proved metals and alloys for use pany requires Materials Engineering staff 
in an aircraft nuclear power ‘ 

plant. member. Graduate engineer (25-35), 
he job requires a degree in preferably inorganic and organic chem- 
physical metallurgy or metal- , > r 
lurgical engineering and 8 to 10 ical plant experience. Interesting and 
years experience in working with : HR “6 

high temperature or corrosion diversified work. An outstanding oppor- 
resistant metals and alloys. (If . ° ° “ 
directly related, time spent on tunity in a well-equipped expanding 
obtaining an advanced degree 

may be considered part of this company. 
experience, ) 





Publication of research results ‘ 
in the appropriate classified or ® Company representatives will be at 


open literature is encouraged. the South Central Regional NACE meet- 
OPENINGS IN CINCINNATI, OHIO ing at San Antonio, the Northeast Re- 
AND IDAHO FALLS, IDAHO gional meeting in Philadelphia, and the 
Address replies in confidence, stat- North Central Regional meeting in De- 
ing salary requirements, to loca- troit. Plan to contact these representa- 


tion you prefer 


J. R. Rosselot LL. A. Munther noe ore ae on the 
P. 0. Box 132 —sP.:O. ‘Box 535 ee 


Cincinnati, Ohio idaho Falls, Idaho hicnnest, Pareiandl Plenaing 


SeMRAALgD ALEETANC a 
ee _ 


SENIOR METALLURGIST 


(Age 30-40) 


A major integrated U. S. oil company operating in South America has 
a career employment opportunity for a qualified metallurgist in the 
expanding organization of a large modern refinery. Candidates must 
have a degree in metallurgy and at least seven years of experience in 
metallurgy, to include experience in welding, welding control, welding 
inspection or welding studies. Refinery metallurgical experience pre- 
ferred. Salary, including bonus, approximately $15,800. Liberal employee 
benefits and home vacations with travel expenses. Send complete resume 
of personal data and work experience. Replies will be held in strict 
confidence. 


Box 480 
Dept. Q-27 
New York 19, N. Y. 


ENGINEERS Vol.p 


ters, Cast iron, cast steel, stainless ste! 
or Monel rings are sometimes uss: 
Pumps handling salt or sea water ac 
be built with standard fittings (cast iro, 
casings and bronze trim), in all-irop, ;, 
all-bronze, or with iron casings an/ 
stainless steel fittings. Table lists ol 
vanic series of metals commonly ‘ae 
including zinc, iron, low chromium-nicke! 
iron or steel (active state), bronze 
nickel-copper alloys, low chromium. 
nickel iron or steel (passive state) an) 
Monel. Pump materials are tabulated — 


INCO. 10877 


7.3, 8.4.3 


Tips on Selecting Rod Pumps. Rk. 7 
SHOEMAKER. Oil Gas J., 54, No. 12, 24). 
241, 243-246 (1955) July 25. 

Four most often encountered oil-wel). 
pumping problems are gases, sand, cor 
rosion and scale (gyp). Hydrogen sulf 
gas is principal destroyer of sub-surfac; 
pumps in West Texas area. Steps jo; 
reducing temperature caused by gas 
compression, thus retarding pump corro- 
sion, are outlined. Selection of suitable 
materials for barrel and plunger suc! 
as high nickel-molybdenum steels helps 
prevent failures caused by excessive 
wear in combination with corrosion. Ni- 
triding of bore of high nickel-molybdenun 
steel tubes also improves pump barrel 
Corrective measures for scale formatio: 
include chemical testing of well fluid to 
determine proper chemical for introduc- 
tion into casing annulus to keep carbon- 
ates or other salts in solution.—INCO 

10405 


Positions Available 


Well-known, Established paint manufac- 
turer Metropolitan New York introduc- 
ing recently developed liquid anod 
seeks chemical engineer to support fur- 
ther research and promotion in the field 
of cathodic protection. Opportunity 
offers excellent compensation, challeng- 
ing future. CORROSION, Box—i6-l6 


Experienced Corrosion, cathodic protec- 
tion engineers wanted for work in South 
and Southwest. Excellent starting salary, 
profit sharing bonus and company stock 
participation program offered. Corrosion 
Rectifying Co., Box 19177 Houston, 
Texas. 


Director of Research position available 
with association for painting of steel 
Research and field experience desirable 
Write stating education, experience, abil- 
ities, publications, salary desired and 
references. Dr. Joseph Bigos, Steel 
Structures Painting Council, 4400 Fifth 
Avenue, Pittsburgh 13, Pennsylvania. 


erent 


Positions Wanted 
ea Le 


Sales Engineer—Ten years selling ot 
ganic protective coatings, etc. to New 
England chemical and industrial ac- 
counts. Also working through consult: 
ing engineers and architects. Connection 
desired with manufacturer needing i 
plete New England coverage. Please re 
ply to CORROSION, Box 56-14. 


Corrosion Engineer—Five years expel 
ence on design and installation catho : 
protection systems on pipelines, Av 
able January 1. CORROSION, ¥° 
56-15. 
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ainless ste) 14 8.10.3 


times use Pumping Corrosive Liquors. C. C ; 
Water ma DoWNIE. Min ) J., 245, No. 6267, 382- 
'S (cast iro, Me 383 (1955) Se tember. 

| all-iron, j Describes current trends in the design 
‘asings an! MH of pumps for corrosive liquor movement, 
le lists gal. specially for pumping strong acids and 
monly usej HP jeaching solutions. Pumps for specific 
M1UM-nicke applications are discussed. Among spe- 
), bronzes  calized arrangements are pumps of dia- 
chromiun shragm type which eliminate wear on 
State) and ‘ternal parts from friction of sludgy 
tabulated — jiquids. 8 references —INCO. 10756 

10877 


SI ieinemnseseeneiecniedenenemcemenneree 
1.4 Heat Exchangers 


a RT tee 
‘oO. nF 

12 HB gg 
ed oil-well. Application of Anticorrosive Protec- 
, sand, cor tion to Condenser Tubes. (In French.) 
ogen sulfide \ J, Maurin. Industrie chim. belge, 20, 
sub-surface No. 5, 485-498 (1955) May. 

Steps for Based on experience from salvage of 


‘d by gas tubes from 25,000 kw. condensers fed 


ump corro- fF yith polluted sea-water. Tables, arene. 4 ¢ a LW ——————— = 
Ot suitable haope maakt 562 iN 
aL”. er Paint how with N ¢ (RDINARy , 


steels helps 14.2 


a Pickling a Radiator. H. J. KInKapE. VALP i ENAMEL 
nolybdemen Young Radiator Co. Diesel Power, 33, 
mp barre No. 7, 92-97 (1955) July. ok 
- formatior Flat or oval tube type of radiator 
ell fluid t core has copper = brass en Wee etn 
r introduc: copper fins solder-bonded to tubes. Round ee 9 
ep coe tubes made of Admiralty metal give e NO “BLUSHING —EVEN AT HIGH HUMIDITY 
n.—INCO very satisfactory service. Proper water ‘ 

10405 treatment should be used for control of e FASTER CURING~EVEN AT LOW TEMPERATURES 


corrosion inside tubes. For copper alloy 





Industrial 








NAME 


N weight (meaning additional cargo ca- 
pacity), comparative installation cost, 
ireedom from fracture, maximum clean- 


— and no reduction in strength are city ZONE STATE 
‘atures claimed by new aluminum-alloy Lee--.---------- 2-2 ------------4 
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ADDRESS. 


— tubes, water should be slightly alkaline. 
\luminum or Admiralty metal fins are Perhaps you’ve tried a cold-cured epoxy and encountered 
_____ fs ommended for hydrogen sulfide atmos- excessive blushing or slow drying because of weather condi- 
pheres. For salt corrosion, Admiralty metal tions. But this new Valoon Enamel, made with Shell’s fa- 
t manufac- fins and tubes should be used. Monel and : E Resi li Pi tes th : 
: introduc: stainless steel are among most satisfactory OE Se ae, ee ee 
uid anode fan blade materials —INCO. 10447 headaches. Now you can paint indoors or 
pport fur- out at higher humidities and lower 
n the field 14.2, 6.3.6 temperatures than ever before— 
»portunity : ° 
keine How Copper-Base Alloys Have Re- ba sae ne abies 
aan duced Condenser-Tube Corrosion in In addition, Valpon assures a higher dry 
eles Marine Service. C. L. Butow. Marine film thickness for greater protection with 
lic protec: Eng., 60, No. 9, 59-67 (1955) September. fewer coats—a heavier, tougher film 
k in South Progress report in combatting condenser build and better adhesion. 
ing salary, and heat-exchanger tube failures and Find out more about this new, improved 
any stock summary ot important forms ot corro- Valpon Enamel. Mail your request on 
Corrosiot yd ce includes _Ttactors influ- your regular letterhead now to the address 
Houston, i ng e of corrosion, importance of below and enclose filled out coupon for 
avoy composition, corrosiveness ot sea FREE le of Live Paint Film 
water, impingement, pitting, cracking of a oom : 
available tubes, thinning or general corrosion, in- 
F sctenl tergranular corrosic lezincificati 
ot steel — s10n, dezincincation, 
desirable. sfooving, steam impingement and salt- VA L re) u R A 
ence, abil- water piping. Tables show physical, me- HEAVY DUTY 
sired and chanical and corrosion resisting proper- 
»s, Steel ies of Arsenical Admiralty, aluminum PAINT DIVISION 
400 Fifth brass, Duronze IV aluminum bronze, 
lvania. /0-30, 90-10, red brass, deoxidized cop- a eee AMERICAN-MARIETTA CO. 
per and arsenical copper. Impingement 101 E. Ontario St., Chicago 11, Ill. 
— rates from tests conducted at Kure Beach 
are tabulated. Impingement-corrosion _ Se RS SN 
biting in low-iron 70-30 copper-nickel : : 
: : = produced by harbor water, Port of i ' 
“ie Pusan, Korea is photographed.—INCO. ; SAMPLE DECAL ; 
a gta 10495 4 i 
trial ac: 
trial a I 742,895 OF LIVE PAINT FILM 
onnection an Tanker Heating Coils Reduce ; Film consists of two coatings of Val-Chem Primer and ; 
ling com- osts, Marine Eng., 60, No. 10, 52-54 i two coatings of Valpon Enamel, resulting in a thickness = 5 
Please re- (1955) October. 1 of 7 mils. Send for your FREE sample decal today. 
14. Freedom from corrosion, a reduction : 
' 1 
1 i 
1 s 
j i 
j i 
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heating coil system for tanks. The in- 
stallation resists corrosion from alter- 
nating sea-water ballast as well as cor- 
rosive effect of wide variety of petroleum 
products carried as cargo. Features of 
the system and actual service results 
are described.—INCO. 10883 


7.5 Containers 


13.2 

Metal Drums and Cylinders. R. H. 
Lonc. Harshaw Chemical Co. Ind. & Eng. 
Chem., 47, No. 6, 1193-1195 (1955) June. 

Standardization of and new develop- 
ments in drums and cylinders for ship- 
ping chemicals. Plastic linings and coatings 
are discussed. When high-priced stain- 
less steel drums for nitric acid devel- 
oped leaks, experimentation found that 
failures were due to corrosion in welds 
and adjacent sheet due to stressed con- 
ditions in the metal. Corrective meas- 
ures recommended were stress-relieving 
of welded 304 stainless drums or use of 
347 which requires no stress-relieving 
treatment. Drums of refined nickel are 
used for benzyl, benzoyl, thionyl, sul- 
furyl and pyrosulfuryl chlorides and 
phosphorus tribromide. Monel contain- 
ers are reliable for transporting dry 
liquid bromide and brominated prod- 
ucts. Cylinders for elemental fluorine 
and fluorinating agents are of nickel.— 


INCO. 10441 


152 

Corrosion of Metal Containers. R. Kk. 
Sanpvers. Corrosion Technology, 2, No. 8, 
238-242 (1955) August. 

Considers tinplate, “blackplate” and 
aluminum in their roles as_ structural 
metals for containers and outlines their 
corrosion characteristics under varying 
conditions. Reviews contemporary lit- 
erature. Photographs. 10 references.— 


BTR. 10392 


TS 

Failure of a Large Welded Oil-Stor- 
age Tank. Brit. Welding J., 2, No. 6, 254- 
263 (1955) June. 

A large welded steel oil-storage tank 
burst with a continuous fracture extend- 
ing vertically through every stake of 
plating, during latter stages of a “full- 
head” water test. Details of construction 
and welding procedures are given. Pri- 
mary fracture started as an apparent 
defect in the prober weld repair near 
inside surface of the plate. Tests were 
made on all the plates through which 
primary fracture passed and on repre- 
sentative plates from the secondary frac- 
ture. Tests included tensile, bend and 
hardness tests, impact (V-notch Izod 
and Charpy) tests, chemical analysis, 
macro- and micro-examination, Investi- 
gation failed to show any indications of 
a shock, blow or impact so precise cause 
of initial fracture was not determined. 
Steels contained 0.086 and 0.062 percent 
nickel, Graphs, tables, diagrams.—INCO. 

10491 


7.55, 538.2 

Oil Burner Problems: Tank Failure. 
C. H. Burxuarpt. Heating & Air Condi- 
tioning Contractor, 47, No. 3, 36-39 (1955) 
December. 

Leaks developing along bottom of oil 
tank are due to corrosive action of water 
droplets that settle out from oil. Addi- 
tion of alkaline buffered sodium nitride 
will impede such corrosion. Permanent 
repair by welding new bottom plate on 
tank or by applying stone lining to tank 
bottom is discussed.—INCO. 10760 


236a 


CORROSION——-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


7.5.5, 8.5.3 

Corrosion of Tank Cars Carrying 
Spirit Liquors. S. J. BatscH. Tappi, 38, 
No. 9, 180A (1955) Sept. 

Trucking firms engaged in hauling 
sulfite spent liquors use Types 304 and 
304 ELC as materials for tanks. Type 
304 holds up fairly well except near top 
where splashing takes place and pitting 
results. It is suggested that Type 316 
tanks be left open when empty to let air 
circulate and help in formation of pro- 
tective film necessary for corrosion re- 
sistance of stainless steel—INCO. 

10699 


7.6 Unit Process Equipment 


7.6.6 

Dome Corrosion in Lined Digesters. 
K. M. SHotp. Tappi, 38, No. 3, 134A- 
135A (1955) March. 

Port Townsend, Washington, Kraft mill 
of Crown Zellerbach Corp. has 5 digest- 
ers lined throughout with Inconel and 
3 digesters with top curved portion and 
upper shell course lined with Inconel and 
the balance with 347 stainless. Digesters 
were installed during 1948-1954. In- 
spections show them to be scaled and 
corrosion free in cone and shell courses 
but knuckle areas (horizontal, vertical 
and spot welds) are corroding badly. 
This is attributed to method of charg- 
ing. Experimentation with corrosion re- 
sistant coatings was made. Dome corro- 
sion may be caused by corrosive gases 
given off throughout a kraft cook.— 
INCO. 10407 


7.6.6 

A Laboratory Approach to the Study 
of Digester Corrosion. J. W. HaAssLer. 
Paper before TAPPI, 39th Ann, Mtg., 
N. Y., February 18-21, 1954. Tappi, 38, 
No. 5, 265-274 (1955) May. 

Corrosion experiments conducted in 
glassware and laboratory steel digesters. 
Weight losses of firebox steel immersed 
in sulfate liquors and electro-chemical 
measurements provide basic data. Inert 
surfaces are easily converted to active 
form, catalyzed by traces of nascent hy- 
drogen released in corrosion reaction. 
Polysulfides are one of most dependable 
surface stabilizing agents and corrosion 
is negligible when major portion of sul- 
fidity consists of polysulfides. Corrosion 
due to white kraft liquors is greatly 
reduced when wood chips are present. 
Factors contributing to reduced corro- 
sion are: Reaction with wood depletes 
concentration of active chemicals; steam 
condensate dilutes concentration; black 
liquor constituents aid in_ stabilizing 
surface. Taking advantage of these fac- 
tors and starting cook with an inert 
surface state, corrosion of laboratory 
digester is usually less than 20 mpy. 
Apparatus diagrams, tables —INCO. 

10385 


7.7 Electrical—Telephone and 
Radio 


‘7 

The Platinum-Cored Oxide-Cathode 
Repeater Valve. G. H. Person. Post 
Office Elec. Engrs. J., 47, 208-211 (1955) 
Jan. 

In view of reduction of life of con- 
ventional nickel-cored oxide-cathode valves 
by deleterious effect on cathode of resid- 
ual gases within the valve envelope, ex- 
tensive tests were made on nickel-core 
and pure platinum-core cathodes sub- 
jected to attack by oxidizing gas, to 
compare behavior under such condi- 


Vol, 2P 


tions. Results show advantage in Use of 
platinum cores, including a higher i. 
bility of operating characteristics —INC) 
10635 

7 
Corrosion-Proofing Electronic Part 
Against Ozone. F. J. Bionpr. Bell Tele. 
phone Labs. Ceramic Age, 66, No, 4 % 
(1955) Oct. ns 
Interaction of silent electrical discharge 
with oxygen in the air produces ozone 
which corrodes certain metals, Conk. 
tions generating ozone also produce oy. 
ides of nitrogen which add to the corro- 
sion problem, Experiments were mat 
with nickel plate on magnetron parts 
Porous nature of nickel plate allowe) 
underlying steel to oxidize and produce 2 
high resistance contact. At least 0,7 mj 
thickness of nickel was required to pre. 
vent oxidation of steel but this resulted 
in a tarnished appearance. By following 
the 0.7 mil nickel plate with a nickel 
strike and a plate of 0.025 mils of rho. 
dium, specimens were able to withstan( 
test cycle and exposure to hot mois 
ozone with no degradation of the sur. 


face—INCO. 10719 


eal 

Anode and Cathode Arcs, L. H. Gr. 
MER AND W. S. Boy te. Nature, 176, No 
4491, 1019 (1955) November 26, 

Arcs less than one micron in length 
and occurring at opening and closing of 
low-voltage switches are of two kinds 
Anode arc produces circular pit on anode 
and general roughening of opposed an- 
ode. Cathode arc produces large number 
of single pits on cathode, each the result 
of explosion of roughness by field emis- 
sion current of high density flowing 
through it. Characteristics of anode and 
cathode arcs of polished palladium elec- 
trodes are summarized. Arcs occur at 
300 V and lower while at 400 V and 
higher, only cathode arc occurs. Differ- 
ence in metal transfer explains erosion 
of electrical contacts. Table, photomi- 
crographs.—INCO. 10794 


le 


7.10 Other 


7.10 

Corrosion: Salt Water Jackets. /ro 
Age, 176, No. 20, 136 (1955) Nov. 17. 

Todd Shipbuilding Docks, Galveston, 
Texas, is jacketing 1500 pilings with 
250,000 Ib. of corrosion-resistant alumi- 
num sheet. Aluminum Company 0 
America, the supplier, estimates the alt- 
minum jackets will add 20 years to the 
life of the pilings, by protecting wo000 
from erosion, marine organisms and salt 
water. Casings are 0.051-inch thick 5050 
aluminum coiled sheet, fabricated ™ 
half cylindrical sections about 9. let! 
long which are placed around pilings 
and locked into complete protective cov 
ering. Sections have stovepipe-type crimp: 
ing at end so lengths can be joie? 
without screws or other fastenings. Mix 
ture of asphalt and sand poured into 
space between jacket and_ piling pro 


vides excellent barrier and seal 
1d 


7.40, 2:2,5;,9.4.9 : ie. 

Protecting Southend Pier. Cones’ : 
Technology, 2, No, 10, 317-318 (19%) 
October. 

Discusses painting of understructir 
and superstructure of Thames Estuat’ 
pier to protect against salt-laden om 
phere and pitting and chemical ~ 
of minute cement particles carried towat 
pier from a factory six miles anil 
Main promenade and double track ral! 
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ay are carried on 12-inch diameter cast 
on screw piles, while pierhead is sup- 
‘ted by cast iron piles, concrete piles 
aj greenheart piles. Best protection for 
vst iron piles is provided by barnacle 
wth. Exposure tests on paints are 
“ried Ut on joists beneath pier deck. 
-INCO. 10759 


110, 5.4.5, 5.4.2 . 
Bituminous Coating Prevents Corro- 


jon of Steel Piling. Consulting Engr., 6, 
Yo. 3, 82 (1955) Sept. ; 
Simplest way Of avoiding creation of 
,galvanic couple is to insulate portion 
‘steel pile that is encased in concrete 
vith heavy bituminous coating. How- 
ver, this destroys bond between concrete 
ind steel, so piling must be designed to 
take load without steel-to-concrete bond. 
In corrosion surveys some engineers use 
tential of structure to soil as a crite- 
“ot, When all or part of structure is 
encased in concrete, this potential is 
hanged by several hundred millivolts. 
Diagram shows galvanic corrosion me- 
anism of piling —INCO. 10721 


7.10, 6.2.4 

Low-Alloy, High-Strength Steels for 
Bridges. J. KArou. Civil Eng., 25, No. 10, 
62-64 (1955) October. 

Traces the use of nickel steel, silicon 
steel and low-alloy steel in bridge con- 
struction. Low-alloy steel (ASTM A-242) 
as first specified for general bridge 
construction in the 1949 AASHO Stand- 
ud Specifications for Highway Bridges. 
For thicknesses of 34 inch and under, 
minimum yield point is 50,000 psi and 
permissible unit stress in tension is 
7,000 psi, 50 percent higher than that 
it carbon steel, Advantages include its 
weldability and freedom from secondary 
stress problems. Various bridges are de- 
scribed —INCO. 10839 


8. INDUSTRIES 


8.1 Group 1 


811, 7.4.1 
Development of an Automobile Air 
Conditioning System for Underhood In- 
stallation. J. R. Hotmes. Gen. Motors 
tng, J., 2, No. 3, 2-9 (1955) May-June. 
_ Final condenser and radiator assem- 
bly design uses shallow depth, large 
irontal area, steel-tube condenser which 
$s copper brazed at 2000F to effect an 
theent thermal and structural joint. 
Additional amount of copper was added 
‘0 radiator core to raise air-to-boil in- 
dex. Although aluminum is normally 
lot suitable for use in a Freon refriger- 
ant system due to presence of alcohol 
Which is injected into system to prevent 
reezing of thermostatic expansion valve 
mihce, an aluminum evaporator was 
successfully used after development of 
4 control system which prevents such 
ey: thereby eliminating need for alco- 
il. Ilustrations, bibliography.—INCO. 
10379 


8.1.3 


Aluminum Corrosion Control in Re- 
“geration Service. R. L. Haptey. Refrig. 
"9., 63, 40-43, 100 (1955) August. 

a echanism of pitting corrosion of alu- 
unum and other corrosion problems, 
ontrol measures. Graph, diagrams, photo- 
sraphs. 6 references—BTR. 10388 


8.1.4, 6.6.8 
Chlorinators That Resist Corrosion. 


CORROSION ABSTRACTS 


ON LABORATORIES 


etroit 11, Michigan 


TRUSC 
1700 Caniff, Dept. K-6, D 


ion ? 
How can we stop corrosio 


“We Stopped Corrosion 


at our Plant 


99 


“Corrosion was rampant inside and out before Truscon diagnosed 
our troubles and prescribed TRUSCON CHEMFAST, corrosion and 
chemical resistant coating with Devran (epoxy resin).” 


@ If you have any corrosion at your 
plant, stop it zow before replacement 
costs eat gaping holes in your profits! 
Send coupon above—take advantage 
of Truscon experience and know- 
how. 

Chemfast is a heavy-duty coating 
for protecting indoor and outdoor 
surfaces of wood, metal and masonry 
against moisture, acids and alkalis. It 
owes its toughness to Devran (epoxy 
resin). 

ee tekst ee | 


Protected with 


= TRUSCON 


TRUSCON (4.2: 


eat ee ee Raynolds Co., Inc., 
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Vodern Plastics, 32, No. 9, 90-92, 206 
(1955) May. 

Heavy maintenance costs on metal 
chlorinator parts used in controlling 
chlorine gas for water purification have 
been reduced by designing a unit of 
major components fabricated of corro- 
sion-resistant reinforced plastics, styrene 
copolymer, fluorocarbon and vinyl. Un- 
der ravages of chlorine in solution, steel 
or cast iron cabinets and iron or copper 
alloyed piping and fittings have short 
service lives. Each component of new 
chlorinator is fabricated of that particu- 
lar plastic best suited to withstand max- 
imum degree of corrosion to which it is 
exposed. Where it is absolutely essen- 
tial to use metal parts, corrosion-resistant 
metals such as silver and silver-plated 
Hastelloy C are used.—INCO. 10559 


CORROSION—NATIONAL ASSOCIATION OF CORROSION 


8.2 Group 2 


8.2.2 

Corrosion Control in Industrial and 
Steam Power Plants. RaLpH M. LEMEN. 
Virginia Polytechnic Institute, Bulletin, 
Engineering Experiment Station Series 
No. 102, 48, No. 10, 11-16 (1955) Aug. 

Review of corrosion in various items of 
equipment; control measures.—BTR. 10854 


8.3 Group 3 


8.3.1, 4.4.5 

The Determination of the Effect of a 
New Grass Killer on Application Equip- 
ment. J. A. Ketty, W. J. FALKENSTEIN 


There Are Effective 


Moore (chsh csuia eee 


28 SANNA SUNOS MBS 28 SRE CRN RRS NL RR CCH GS Mceee tne AA. 5, REEL 


WRIGHT PENECHROMES, 
ae eC 


Versatile: Effective throughout a wide pH range and 


inhibitor concentration. 


Non-fouling: Maintain high heat transfer rates at 
product side temperatures up to 600°F. and higher. 


Labor saving: May be proportioned directly from the 
drum. No mixing — no chemical vats. 


Why? Because the Penechromes have been using the 
combined effect of zinc chromate and penetrants 


for many years. 


When you contact your Wright Field Engineer you will be 
pleasantly surprised at the modest cost to use these outstand- 
ing inhibitors. ... One of them can solve your exact problem. 
Ask your Wright Engineer to survey your water using sys- 
tem and submit our recommendations for a comprehensive 
water conditioning program without obligation. 


WRIGHT CHEMICAL CORPORATION 


| 
\ 


et 


~ CHEMICALs 


GENERAL OFFICES AND LABORATORY 
619 WEST LAKE STREET, CHICAGO 6, ILLINOIS 


Offices in Principal Cities 
(Havana, Cuba: Domenech & Co., S. A., 405 Obrapia) 


@ Softeners, Filters and other external Treating Equipment 


@ Nelson Chemical Proportioning Pumps 


ENGINEERS 


Vol, p 


AND J. P. Carr. Corrosion, 
79t-83t (1956) February. 
Laboratory tests have been conduct 
to determine the possible corrosive fier 
of aqueous solutions of Dalapon sodinn 
salt (sodium 2, 2-dichloropropionate) 
new grass killer, on the metals presen 
in typical agricultural field sieve 
From preliminary study, it was conclude 
that solutions of the chemical could i‘, 
used in agricultural field sprayers 
standard construction with little effect 
on the materials of construction. In ot 
der to corroborate these findings 
standard production model agricultura 
field sprayer was obtained from ¢, 
John Bean Division, Food Machine 
and Chemical Corporation, for test ver 
poses. The sprayer was operated for ; 
period of four weeks using standar 
concentrations of Dalapon sodium gj}; 
in water and observations were made 
From these data and from observyatio; 
of the disassembled sprayer after tes 
ing, it is concluded that the chemic: 
exhibited slight but not significant effec: 
on the materials of construction. 167) 


8.3.2, 8.3.4 

Corrosion in the Brewery. Part III 
The Bottling Store. D. H. Epmonn 
Corrosion Prevention & Control, 2, No,’ 
37-42 (1955) September. 

Corrosive influences in the bottling 
plant include steam condensation, deter 
gents in bottle-washing machinery, spil 
age, presence of sugars and acids j 
mineral water and cider bottling fact 
ries and sulfur dioxide used to provid 
sterile filling. Corrosion prevention meas 
ures applied to bottle-washing machines 
pasteurizers, filling machines, filters, stor 
premises and refrigeration system ar 
discussed.—I NCO. ; 1053 


8.3.4 
Cloudiness in Wines. W. Draper ay 
J. L. THomson. Chemistry in Canada, |, 
No. 8, 35-38 (1955) August. 
Turbidity caused by small amounts oi 
iron and copper is a major problen 
Authors review the merits and _tecl 
niques of the blue fining process 0 
turbidity-prevention as applied to Nort! 
American wines. In the manufacture o! 
wines, traces of metals are picked y 
by contact with metallic containers, 
pipes, pumps and filters. To obviate this, 
the trend has been to substitute for cop- 
per or iron, metals giving higher metallic 
tolerance, for example, nickel, for which 
Canadian wine has a tolerance of 20) 
ppm. Nickel and stainless steel give suc 
good results that trace metals are no 
longer a problem in Canadian wine it- 
dustry. Plastics are being considered tet 
piping. Polyvinyl chloride appears to be 
suitable. 24 references—INCO. 1052 


8.3.4 

Corrosion in the Brewery: The Brew- 
house. D. H. Epmonps. Corrosion Prevet- 
tion and Control, 2, Nos. 6, 7, 21-26; 3 
36, 54 (1955) June, July. 

Deals with corrosive influences to be 
found in breweries and methods by 
which they may be controlled. Deserip: 
tion of processes and vessels is givell 
Danger of metallic contamination which 
interferes with action of yeast encour 
ages use of stainless steel and corrosion 
resisting materials wherever _ possid® 
Mash-tun is usually cast iron, fitted w™ 
gun-metal false bottom plates. Iron o 
steel mash-tun lids are subject to rustiit 
and are therefore coated with res 
paint. Chutes and tanks for spent sta 
disposal are galvanized. Vessels for 
solving sugar and boiling wort are copm 
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Fermentation vessels of wood, slate, 
concrete, copper, aluminum and stainless 
steel are considered. Zinc-rich paints 
are used to protect steel and iron work 
in tun-room, racking rooms and cellars. 


—INCO. 10521 
8.4 Group 4 


8.4.1 

Stainless Steel Coal Ducts Stop Trou- 
ble in Maintenance and Operation. J. L. 
RayMOND. Power Eng., 59, No. 5, 95 
(1955) May. 

Original ducts from bunkers to pul- 
verizers were of %-inch thick copper- 
bearing steel. These deteriorated exten- 
sively and were replaced by mild steel 
ducts which were reduced in lifetime to 
3-4 years due to poor quality of war- 
time coal. Type 304 (% inch _ thick) 
stainless now in use has eliminated coal 
flow stoppages completely and no signs 
of corrosion or abrasion have been found 
to date.—INCO, 10624 


8.4.1, 5.3.2 

Clad Steels Prove Economic for Coal- 
Handling Equipment. M. WAHECHERs. 
Lukens Steel Co. Combustion, 27, No. 1, 
61-63 (1955) July. 

Report on advantages of clad steel 
surfaces for hangups in coal pipes or 
chutes, arching in coal bunkers and 
other types of coal-handling equipment. 
Abrasion, corrosion and moisture com- 
bined to wear out equipment fabricated 
of carbon steel. In recent years, many 
utility companies have switched from 
carbon steel to other materials for sur- 
faces of these parts. Type 304 stainless- 
clad steel has proven very durable. 


Cll MEEHANITE 


A new pump head of 
Meehanite, with packing of 
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Stainless-clad coal-handling equipment 
has now been in continuous, trouble-free 
service for varying periods in more than 
30. different major utility stations.— 
INCO. 10335 


8.4.1, 5.4.5 

Use of Heavy Cutback Asphaltum 
Mastic Coatings in Coke Plant Areas. 
A. H. BAcEeNstosE, Jr. Iron & Steel Engr., 
32, No. 9, 75-78; disc., 78-80 (1955) Sept. 

Discusses proper material selection, 
surface preparation and application as 
conditions necessary for successful coat- 
ing of asphaltum mastic on steel struc- 
tures and masonry in highly corrosive 


coke plant areas.—INCO. 10466 


8.4.2 

Corrosion in Compressor Stations. 
J. C. Berrincer. Paper before Am. Gas 
Assoc., Gas Supply, Transmission & 
Storage Conf., Operating Section, Pitts- 
burgh, May 9-10, 1955. Oil Gas J., 54, 
No. 11, 123-125 (1955) July 18; Gas, 31, 
No. 8, 63 (1955) August. 

Cathodic protection is applied to metal 
surfaces exposed to circulating water in 
power pistons and jackets and coils and 
tanks of compressed-air aftercoolers. 
Cavitation and impingement in power- 
piston rods can be reduced by rebuild- 
ing orifice in center of new piston to 
correct size during piston overhauling. 
Duriron is replacing junk iron as an 
anode material in cathodic protection of 
water tanks. Hydrogen sulfide corrosion 
is reduced by proper selection of mate- 
rials for gaskets and injection of lubri- 
cating oil into gas stream just before it 
reachets compressor cylinders so that 
intake valves will be coated.—INCO. 

10471 


on series 1200 and 3700 
Texsteam injectors 


Series 1200 (S- 

Beam Type) and 

Series 3700 (Gas- 

Driven Type) with 
Meehanite Heads, supple- 
ment Series 1100 and 
3600 which have brass or 
bronze heads. Write for 
new replacement parts 
catalogs. 


Hycar, assures still better performance of the popular 


Texsteam Chemical Injectors. 


The Meehanite head is a special iron casting, designed to with- 
stand practically all compounds commonly used for emulsion 
breaking and corrosion injection service. It promises years of 


trouble-free duty. 


TEXSTEAM CORPORATION 


DIVISION OF VAPOR HEATING CORP. 
320 Hughes St., Houston, Texas 


Vol. 1)? 


~~ 

orrosion Mitigation Wi set 
dends Offshore. W. D. pay Divi 
Oil, 141, No. 4, 168, 171, 
September. 

Discusses the roles of the enginee; 
research chemist, corrosion specialic 
and management in effort to Overcome 
corrosion of offshore installations —INCQ. 


10594 


174-175 (1955 


8.4.3 

Processing Plants Controlling Corto. 
sion. B. W. Brap.ey. Shell Oil Company 
Petroleum Engr., 27, No. 10, C58-C6) 
C64 (1955) Sept. r 

Describes the fluid characteristics anj 
internal corrosion damage observed jp 
the flow lines and processing plants |p. 
cated in four installations—a corrosive 
gas condensate field, a non-corrosive 
high pressure field and two high pres- 
sure sour oil fields. Corrosion coupons 
used to regulate inhibitor treatment rate 
in gathering system indicate that ! 
quart of inhibitor per 1,000,000 cu, & 
controls corrosion within 1-2 mpy. 7 
evaluate location and extent of corro- 
sion in process vessels, iron content of 
water drained from vessels at various 
points in system was determined. Analy. 
sis of water for pH value and carbon 
dioxide content provided additional in- 
formation. Use of Audigage metal thick- 
ness surveys is discussed. Corrosion 
rates for various distillation-fractionation 
process vessels are tabulated —INCO. 


10679 


8.4.3 

Corrosion. M. G. Fonrana. Ind. é 
Eng. Chem., 47, No. 9, 75A-77A (1955 
September. 

Large oil refinery in Aruba, Dutet 
West Indies presents a variety of inter. 
esting corrosion problems, due mostly 
to prevailing marine atmosphere. IlIlus- 
trations show severely corroded struc- 
tural steel, external galvanic corrosion 
of steel pipe with bronze valve, external 
corrosion by ammonia and baffle attack 
of brass condenser tubes, hydrogen 
blistering of a steel tank and stress rup- 
ture of an oil still tube—INCO. 1082) 


8.4.3, 3.4.8 

High Temperature Hydrogen Sulfide 
Corrosion. E. B. Backensro, R. D, Drew 
AND C. C. SrapLerorD. Corrosion, 12, No 
1, 4t-16t (1956) Jan. ! 

High temperature hydrogen sulfide 
corrosion of carbon steel and low chrome 
alloys has become a serious problem 
in the petroleum industry in connection 
with the increasing use of high pressure 
hydrogenation and dehydrogenation prot: 
esses for upgrading petroleum fractions 


The effect of temperature, pressure 
and hydrogen sulfide concentration o 
the corrosion rate of a wide range 0 
commonly used carbon steels and alloys 
has been determined in laboratory tests 
It has been established that the low 
chrome alloys (up to 5 percent chro 
mium) which have been used to combat 
sulfur corrosion in fractionation anv 
cracking equipment, show little or ™ 
advantage over carbon steel in resisti 
attack by hydrogen sulfide. Of the co 
ventional alloy steels tested, only 
18-8 chrome nickel and_ higher alloys 
have shown good resistance to this ty? 
of corrosion over a wide range of pit 
sure, temperature and hydrogen sult: 
concentration. It was found that alum 
num coated steels also showed ve! 
good corrosion resistance. 3) 

Three methods were proposed " 
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winimizing hydrogen sulfide corrosion: 
1)’Reduction of hydrogen sulfide in 
srocess streams, 2) Use of chrome- 
nickel alloys, and 3) Protection of met- 
Je by aluminum coating. 10579 


34.3, 5.8.2 ; : 
Internal Casing Corrosion in Sour 


Oi] Wells. J. A. CALDWELL AND M. L. 
yret, Corrosion, 12, No. 2, 67t-70t 
1956) Feb. 
A low-cost method of reducing inter- 
yal casing corrosion in sour oil wells is 
needed. Results of laboratory weight 
s tests suggest that treatment of the 
nside of the casing with an oil-inhibitor 
may be a feasible solution, Results of 
ther laboratory tests show that the 
yeight of a paraffin-oil-inhibitor mixture 
adhering to a steel coupon is several 
times that of the film deposited from 
an oil-inhibitor mixture alone. Prelimi- 
sary results of a field test on two wells 
showed that rapid injection of several 
barrels of an oil-inhibitor mixture into 
the tubing-casing annulus gave com- 
plete coverage of the outside of the tub- 
ing in the gas space and that the film 
remained intact for at least six months. 
Itis probable that the inside of the cas- 
ng in the gas space also was completely 
covered by the oil-inhibitor mixture. 
10697 


§,4,3, 5.8.2, 5.2.2 

How to Reduce Corrosion in Produc- 
tion Operations. W. C. Kocer. Paper be- 
fore Am. Petroleum Inst., Mid-Continent 
Div. of Production, Amarillo, Texas, 
March 23-25, 1955. World Oil, 141, No. 
sp 184, 186, 190, 192, 195, 198 (1955) 
yuly. 

Procedures used by Cities Service in 
Kansas to mitigate corrosion of equip- 
ment in producing well, tank battery 
and salt water disposal system caused 
by sour gas and brine associated with 
the Arbuckle production. Use of cathodic 
protection with magnesium anodes has 
proved effective and economical for oil- 
well casing and in treating equipment. 
Inhibition of sour-crude wells is effec- 
tve in combating rod and tubing fail- 
wres—INCO, 10451 


8.4.3, 7.4.1 

Humble’s Baytown Metallurgical 
Group. Part I. F. L. Resen. Oil Gas J., 
4, No. 12, 211-213, 216-217 (1955) 
July 25. 

Typical problems encountered and 
solved by group are described. Gas 
coolers with 18-8 bundles and 18-8 clad 
steel shells were used to replace coolers 
with cast iron shells and Admiralty tube 
bundles, which had been severely at- 
tacked by hydrogen sulfide. 18-8 U-tube 
bundle was installed in a reboiler replac- 
ig carbon-steel bundle of conventional 
floating tube sheet design. Investigation 
o cast 18-8 furnace header from ther- 
mal cracking unit that had failed re- 
vealed failure due to formation of sigma 
phase in alloy, causing casting to be- 
come brittle. Recommendations for 18-8 
‘iromium-nickel type castings for high- 
‘mperature service are given. Illustra- 
ions, photomicrographs.—INCO. 10617 


84.3, 3.7.3 


pumble’s Metallurgical Group. Part 
~F. L. Resen. Oil Gas J., 54, No. 18, 
116-117 (1955) Sept. 5. 

a three typical case histories of refinery 
Soh enance problems that have been 
haa Examination of cracked 25-20 
jsqnum-nickel weld in 2% chromium- 
ic’, Molybdenum furnace terminal fit- 
“ng Irom thermal poly plant led to conclu- 
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10 CORROSION CONTROL 


es Se 


Either way, you’re right 


Maybe your company runs its own 
corrosion control program. Perhaps 
you regularly call in a reliable service 
organization for this important job. 
Either way, you’re on the right road 
if you, or your service people, use 
top-quality DiAMonpD corrosion con- 
trol chemicals—sodium chromate and 
sodium bichromate. DIAMOND can 
deliver them quickly from strategi- 





cally located, ready-to-ship stocks. 

D1amonp offers technical help and 
service on problems involving corro- 
sion control. Call your Diamonp Sales 
Office in Chicago, Cincinnati, Cleve- 
land, Houston, Memphis, New York, 
Philadelphia, Pittsburgh or St. Louis. 
Or write to DiamMonp ALKALI Com- 
PANY, 300 Union Commerce Build- 
ing, Cleveland 14, Ohio. 


> Diamond 
Chemicals 
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sion that crack was caused by lowering 
of toughness of 25-20 chromium-nickel 
weld in service, an unexplained phenom- 
ena known to occur when this type of 
weld is exposed to high temperatures 
for long periods. Two 25-20 chromium- 
nickel welds in 4-6% chromium-0.5% 
molybdenum piping in service for ap- 
proximately four years at pipe still 
were studied to determine changes in 
mechanical properties and metallurgical 
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structure resulting from several years 
exposure above 650F. Cracks were found 
in longitudinal 25-20 chromium-nickel 
weld near top of T-1 vaporizer tower 
(constructed of AISI Type 410 clad 
plate) in service at 85F and 50 psi for 
approximately 60,000 hours. Crack in 
carbon steel base metal was due to 
breakdown of pearlite phase to iron car- 
bide and graphite. Installation of internal 
insulating liner to reduce shell tempera- 
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8.4.3, 8.4.2 

Is Carbonyl Sulfide in Liquified Pp 
troleum Gases Corrosive? kK. H. Netsow 
D. Veav AND B. J. HErnricu. Petroleum 
Refiner, 34, No. 7, 155-156 (1955) July 

Exploratory experiments were ‘con. | 
ducted on behavior of carbony] sulfide 
in liquefied petroleum gases, Equipment 
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and procedures are described. Experi- 
ments showed that carbonyl sulfide does 
not produce a tarnished strip in copper 
strip corrosion test, carbonyl] sulfide in 
liquefied petroleum gases does not de- 
compose to elemental sulfur or other 
corrosive sulfur compounds to any de- 
gree during storage up to eleven months 
under various conditions and tempera- 
tures and metallic copper does not pro- 
mote decomposition of carbonyl sulfide 
in liquefied petroleum gases to any ex- 
tent during storage.—INCO. 10608 


8.4.3, 8.4.2 : 

Operating Experience with Amine 
Units for Hydrogen Sulfide Removal. 
R, A. Feacan, H. L. LAwer ann M. H. 
RauHMEs. Paper before Natural Gasoline 
Assn. of Am., Ann. Conv., Dallas, Texas. 
Petroleum Engr., 27, No. 11, C48-C50 
(1955) October, 

Tentative conclusions and recommen- 
dations based on Stanolind’s 4-5 years’ 
experience operating 5 hydrogen sulfide 
removal units with aqueous monoetha- 
nolamine and on study of experiences 
of other companies in the natural gas 
field. Corrosion was experienced prima- 
rily in reactivator reboilers, reactivators, 
solution pumps, heat exchangers and 
related piping. Carbon steel was com- 
mon material for major items of equip- 
ment. Suggestions for the plant designer 
include: Provide sufficient capacity to 
permit operating with low amine con- 
centrations, avoid excessive reboiler heat- 
ing medium temperatures, give consid- 
eration to packed and lined regenerators 
rather than bubble tray towers, avoid 
use of dissimilar metals, provide a suit- 
able amine reclaimer, provide an effec- 
tive filter, stress relieve major equipment 
and design for lower reactivator operat- 
ing pressure. Recommendations for plant 
operator are also given. Nine references. 
—INCO. 10785 


8.4.5 

Engineering and Construction of Nu- 
clear Power Plants: Reactor Vessels. 
B. A. Mone ann R. M. Douctas. Nucle- 
onics, 13, No. 6, 66-69 (1955) June. 

The problems involved in the design 
and fabrication of vessels to contain re- 
actor cores are discussed. In addition to 
the usual consideration of pressure, tem- 
perature and corrosion resistance, the 
following problems must be studied: 
Radiation damage to the vessel materi- 
als; thermal stresses due to radiation 
heating; exceptional reliability since the 
vessel cannot be examined periodically; 
leak-tightness and closer dimensional 
tolerances. Vessels for pressurized-water 
reactors, aqueous homogeneous reactors 
and liquid-metal reactors are described. 


—NSA. 10610 


8.4.5 

Engineering Problems of Nuclear 
Power Reactors, H. J. BotweLi. Paper 
before Am. Soc. Mech. Engrs., Semi-Ann. 
Mtg., Boston, June 19-23, 1955. Combus- 
tion, 27, No. 2, 42-47 (1955) August. 

General problems of heterogeneous 
reactors cooled either by water or liquid 
metal. The Pressurized Water Reactor, 
as probably the most common design 
of reactor to be built, receives special 
emphasis. Highly corrosive nature of 
pure water is discussed. Only zirconium, 
300 series stainless steels and such met- 
als as Stellite are corrosion resistant to 
degree required. Fuel elements used in 
aqueous system must be clad with non- 
corroding material (zirconium) while in 
liquid sodium system cladding of ura- 
nium may not be necessary. Pressurized 
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water reactor shown has stainless steel 
cladding. —INCO. 10475 


8.4.5 

The Homogeneous Reactor Experi- 
ment—A_ Pilot-Model Nuclear Power 
Plant. W. R. GALi. Paper before Am. 
Soc. Mech. Engrs., Diamond Jubilee 
Spring Mtg., Baltimore, April 18-21, 
1955. Mech. Eng., 77, No. 7, 575-580 
(1955) July. 

Construction features of nuclear pilot 
plant for the production of electric power 
with uranyl sulfate as fuel designed, con- 
structed and operated at Oak Ridge over 
a 4-year period. Nuclear energy is released 
in the reactor core made of two hemi- 
spheres press-formed of 3% inch thick 
stainless steel plate, machined inside and 
outside to finished inside diameter of 18 
inches and 3/16 inch thickness, Pressure 
vessel is a single forging of A105 steel 
and stainless steel pipes are sealed to 
flat head also of A105 steel. All surfaces 
in contact with fuel solution in steam 
generator are of Type 347 stainless steel. 
Circulating pump for fuel solution has 
Inconel lining in stator, Type 347 stain- 
less jacket on rotor and Stellite 98M2 
bushings. Schematic flow diagram shows 
equipment and conditions of fuel system 
and reflector system throughout entire 
reactor operating cycle—INCO. 10515 


8.4.5 

Metallurgy and Nuclear Energy. (In 
French.) CLAupE Decroty. Bull, sci. AIM 
(Belg.), No. 5, 371-391 (1955) May. 

A general discussion is given of the 
metals used in the construction of nu- 
clear reactors. Included are discussions 
of the properties of the fissionable ma- 
terials, natural uranium, enriched ura- 
nium, U*", plutonium and thorium. Special 
construction materials are also discussed 
as to mechanical and metallurgical prob- 
lems, heat conduction and casings. The 
effect of radiations on metals and cor- 
rosion problems are also dealt with.— 


NSA. 10752 


8.4.5 

Engineering and Construction of Nu- 
clear Power Plants: Special Report. 
Nucleonics, 13, No. 6, 41-72 (1955) June. 

Papers include: Site Selection and 
Plant Layout, S. M. Stoller; Water Sup- 
plies for Reactors, H. W. Huntley and 
S. Untermeyer; Control-Rod Mecha- 
nisms, J. M. Harrer; How to Load 
Solid-Fuel Reactors, J. A. Bolton and 
P. T. Calabretta; How to Design Re- 
actor Shields for Lowest Cost, J. A. 
Lane; Determining the Geometry of 
Thermal Shields, N. F, Lansing; How 
to Choose and Place Mixes for High- 
Density Concrete Reactor Shields, H. S. 
Davis; Reactor Vessels, B. A. Mong and 
R. M. Douglass; Construction of the 
SRE Core, R. L. Olson —INCO. 10835 


8.4.5 

Report from Geneva: Reactor Mate- 
rials. Nucleonics, 13, No. 9, 64-71 (1955) 
September. 

The production of heavy water, beryl- 
lium production and fabrication and 
corrosion of zirconium and aluminum 
alloys are discussed. A summary is pre- 
sented of radiation damage to reactor 
materials including metals, graphite, and 
water.—NSA. 10836 


8.4.5, 1.6 

Atomic Energy Research at Harwell. 
K. E. B. Jay. Brochure, 1955, 144 pp. 
Butterworths Scientific Publications, Lon- 
don. 

This carries the story forward from 


Vol, 12 


a 1952 publication. The first 
present brochure discusses the majo 
programs for the general reader oe 
the second selected researches for pie 
entific readers, including a section = 
metallurgy (pp. 130-143) covering fab 
rication (powder metallurgy) Seiten. E 
effect of radiation on solids (oxide Sine 
plastics, elastic modulus of Steel) a 
tion between elastic and plastic tn 
ties (including mechanical behavior oj 
hexagonal metals), diffusion of argon in 
silver; mainly based on published papers = 


BNE. 10427 


8.4.5, 1.6 

Materials for Nuclear Power Reac- 
tors. Henry H. Hausner anp STANLEY 
B. Rosorr. Reinhold Pilot Book No. 7 
1955, 224 pp. Reinhold Publishing Corp, 
430 Park Avenue, New York 22, New 
York. 

_Properties, problems and applications 
of metals and other materials for struc- 
tural components, fuels, coolants and 
moderators.—MR, 


10386 
8.4.5, 1.6 

The Reactor Handbook. Vol. 3. Ma. 
terials. Section 1. General Properties, 
J. F. Hocerton ano R. C. Grass, editors, 
U. S. Atomic Energy Commission Pubn. 
AECD-3647, Sept., 1953 (Declassified 
with deletions February, 1955; issued 
March, 1955), 625 pp. 

A brief discussion of the functions of 
reactor materials is first presented after 
which treatment is given of the general 
properties of certain materials including 
aluminum and its alloys, beryllia, beryl- 
lium and its alloys, beryllium carbide, 
cermets and concretes, graphite, hy- 
drides, lithium and its alloys, magnesium 
and its alloys, molybdenum and its al- 
loys, nickel and its alloys, plutonium and 
its alloys, the rare earths, silicon car- 
bide, stainless steels, thorium and its 
alloys, titanium and its alloys, tung- 
sten, uranium and its alloys, vanadium 
and its alloys, zirconium and its alloys, 
high-cross-section materials and cobalt- 


base alloys.——NSA. 10813 


Part of the 


8.5 Group 5 


8.5.3 

How to Extend the Life of Rolls. D. 
KINIHOLM. Rodney Hunt Machine Co 
Paper Industry, 37, No. 3, 260-261 (1955) 
June. ; 

Precautions and maintenance practices 
for a number of specific types of rolls 
including stainless steel rolls. Excess 
accumulation of dirt on stainless steel 
is removed with sodium, citrate, Where 
operation of roll tends to remove oxide 
film, occasional passivation (20 percent 
nitric acid solution, rinsing and drying) 


will extend corrosion resistance —1NC™ 
i 


8.5.3 

Chlorine Dioxide Generation—A 
“High Brightness” Corrosion Problem. 
(Topic of the Month). H. O. Teeple 
Corrosion, 11, No. 8, 329t (1955) August 

Corrosion survey data supported serv- 
ice experience in that Durichlor, Hastelloy 
C and Chlorimet 3 are fairly satistacto!) 
in chlorine dioxide generating vt 


Table.—INCO. 


8.5.3, 4.3.3 : : 

A Corrosion Study in a Chlorine Di- 
oxide Bleaching Plant. H. O. TEEPLE AN’ 
R. L. Apams, Jr. Tappi, 38, 44-48 ee, 
January; Chem. Absts., 49, 6604 (1% 
May 10. =. 

Tantalum showed excellent resistant: 
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Kontol Corrosion Inhibitors 
ae liquid organic semi-polar 
compounds. They adsorb at 
metal surfaces, forming a 
tough, impervious film which 
resists attack by corrosive ele- 
ments. Kontol is applicable to 
all types of wells, effectively 
protecting pumps, tubing, flow 
lines and sucker rods against 
ll kinds of corrosive attack. 


but they’re still together 
and going strong... 
fhanks to 


KONTOL 


Kontol corrosion inhibitors have been used to 
protect more wells, on more leases, for years 
longer, than any other inhibitor. There are 
two very good reasons. One is Kontol’s effec- 
tiveness. The other is Kontol service. Prove 


this to your own satisfaction on your own wells. 


For expert Kontol assistance, just call your 


Tretolite service engineer. 


TRETOLITE COMPANY 


A DIVISION OF PETROLITE CORPORATION 


369 Marshall Avenue, Saint Louis 19, Missouri 
5515 Telegraph Road, Los Angeles 22, California 


Petrolite Limited, 120 Moorgate, London EC2, England 


Chemicals and Demulsifying, Desalting, Corrosion Preventing, 
Services for the Water De-Oiling, Paraffin Removal, 
Petroleum Industry Scale Preventing, Production Stimulating 
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to chlorine dioxide, Durichlor had good 
resistance but was limited by mechani- 
cal properties. Duriron varied in rates 
in different tests and was not preferred 
to Durichlor, Hastelloy C (cast) and 
Chlorimet 3 showed intermediate resist- 
ance. LaBour R-55 was usually good ex- 
cept in a condensed chlorine dioxide 
solution. Chemical lead had limited ap- 
plication. Type 316 steel and Durimet 
were generally satisfactory. Types 304 
and 430, Monel, nickel, Inconel and 


R E P R 
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88/10/2 cast bronze were unsuited for 
any applications in the bleach plant.— 
INCO. 10359 


8.8 Group 8 


8.8.4 
Corrosion in the Tannery. F. E. 
HumpuHreys. Corrosion Technology, 2, 
No. 6, 174-176 (1955) June. 
Metals used for different 
processes and methods of 


tanning 
protecting 


Ii N T §$ 


OF ARTICLES PUBLISHED IN CORROSION 


Remittances must accompany all orders for literature the aggregate cost of which is less 
than $5. Orders of value greater than $5 will be invoiced if requested. Add 65c per package 
to the prices given below for Book Post Registry to all addresses outside the United States, 
Canada and Mexico. Send orders and remittances to NACE, 1061 M&M Bldg., Houston 2, 


Texas. 


Cathodic Protection and Pipe Lines 
Economic Considerations in Pipe Line 
Corrosion Control by L. G. Sharpe... 


Mitigation of Corrosion on City Gas Dis- 
tribution Systems by A. D. Simpson, Jr. 

Final Report—Effect of Exposure to Soils 
on the properties of Asbestos-Cement 
Pipe by Melvin Romanoff and Irving 
A. Denison 


Application of Cathodic Protection to 48 
Well Casings and Associated Produc- 
tion Facilities at Waskom Field by 
G. L. Doremus, W. W. Mach and 
J. J. Lawnick ; 


Corrosion Control! Practices for Pipe Type 
Cables on the Detroit Edison Syste 
by W. A. Sinclair ree | 


50 
50 


Economics 
The Cost of Corrosion to the United 


States by H. H. Uhlig. . 50 | 


Relation of Corrosion to Business Costs 


by Aaron Wachter. . 50 


inhibitors 

Prevention of Corrosion in Cooling Water 
by R. C. Ulmer and J. W. Wood 50 

Dicyclohexylammonium Nitrite, a Vola- 
tile Corrosion Inhibitor for Corrosion 
Preventive Packaging by A. Wachter, 
T. Skei and N. Stillman ifs 

Effect of Purification of Commercial Sul- 
fonates on the Corrosion Stain Prop- 
erty by Harry C. Muffley, Van Hong 
and David Bootzin : ; 


50 


Metallurgical Factors 

Resistance of Aluminum Alloys to 
Weathering by C. J. Walton, D. O. 
Sprowls and J. A. Nock, Jr., and Re- 
sistance of Aluminum Alloys to Con- 
taminated Atmospheres by W. W. 
Binger, R. H. Wagner and R. H. Brown .50 

Laboratory Studies on the Pitting of 
Aluminum in Aggressive Waters by 


T. W. Wright and Hugh P. Godard. .50 | 


The Corrosion Behavior of Aluminum by 


Hugh P. Godard. ... 50 | 


Salt Spray Testing Bibliography by Lor- 


raine Voight . 50 | 


Air Injection for Prevention of Hydrogen 
Penetration of Steel by W. A. Bonner 
and H. D. Burnham... ; 

Oxide Films on Stainless Steels by Thor 
N. Rhodin 

Stress Corrosion Cracking of Hardenable 
Stainless Steels by F, K. Bloom...... 


50 
50 
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50 | 


| Miscellaneous 

| Causes of Corrosion in Airplanes and 

| Methods of Prevention by N. H. 
Simpson 

Corrosion Control by Magic—lIt’s Won- 


| derful by H. H. Uhlig 
| Why Metals Corrode by H. H. Uhlig... 


| Methods of Preventing Corrosion in Sew- 
| erage Systems by Ervin Spindel 


| Positive Polarity Grounding of Direct 
Current Supply Requirements in Min- 
ing Traction Systems by Sidney A. 
Gibson 


Corrosion Studies on a Model Rotary Air 
Preheater by G. G. Thurlow.... 


| Effects of Contamination by Vanadium 
and Sodium Compounds on the Air- 
Corrosion of Stainless Steel by G. W. 
Cunningham and Anton de S. Brasunas 


| A Simple Graphical Method for 
Checking the Adequacy of Stress Cor- 
rosion Specimen Dimensions Against 
Stress Concentrations by Robert H. 
Hay PARE Tae Ee ea a 


| 
| 


| 


| 
| 
| 


| Paints and Coatings 

| Gasoline Resistant Tank Coatings 

| by W. W. Cranmer 

| Organization and Administra 

| Plant Painting Program by W. E 
Chandler and C, W. Sisler pies 


| Selection and Application of Coatings 
in the Pump and Paper Industry by 
Raymond B. Seymour. 


| Petroleum Production & Storage 


Corrosion in Condensate and in High 
Pressure Sweet Oil Wells by R. C. 


Symposium on Internal Corrosion of 
Tankers. Part 3—Corrosion Control in 
Practice by A. B. Kurz 


| Corrosion Control in Gas Lift Wells. Il 
Evaluation of Inhibitors. By D. A. 
Shock and J. D. Sudbury 


| Internal Corrosion in Domestic Fuel Oil 
Tanks by R. Wieland and R, S. 
Treseder 


| Plastic Materials of Construction 


| Oilfield Structural Plastics Test Data 
| Are Given 


.50 | Service Reports on Oilfield Plastic Pipe 
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structural steel work. Cast iron and 
steel are accepted materials for frame. 
work of machinery. Metals used With 
soak, lime, deliming and bating, Pickle. 
chrome tanning and vegetable tanning 
liquors are Monel, nickel, stainless steel 
(14% chromium), Staybrite (18-8-Mo) 
and Inconel. Rollers used in post-tanning 
processes may be of Staybrite or chro. 
mium or nickel plated. Paint system 
found to be most effective for protect. 
ing ironwork is a linseed-oil-based sys. 
tem with red lead under coat and an 
excluding top coat—INCO, 10397 


8.8.5 

Wet Machining of Cast Iron Increases 
Tool Life. J. A. Boyp. Tool Engr. 34 
No. 6, 81-82 (1955) June. a 

Dust problem encountered in contin- 
uous machining of cast iron indicates a 
need for a wet system that would read- 
ily dispose of chips and sludge and act 
as a tool lubricant and extend tool life. 
Clogging of lines and other disadvan- 
tages of using standard cutting oils, 
light-viscosity mineral oils, kerosenes 
and soluble oils are reviewed. Best cur- 
rent solution is use of a high-wetting 
and dispersing water soluble oil with 
special rust inhibiting additives—INCO, 

10500 
8.8.5 

Protective Coatings for Die-Casting 
Dies. T. M. Barcray. Product Finishing, 
8, No. 2, 50-53 (1955) February. 

The several factors which lead to de- 
fects in die casting dies and short die 
life are discussed, Methods of avoiding 
these troubles by the use of applied 
chemical coatings are described and 
some details are given of suitable dress- 
ings for this purpose—ZDA. 10482 


8.8.5 
The Treatment of Corrosive Fumes. 
Part II. Fumes from Pickling Plants. 
F. F. Jaray. Corrosion Prevention & Con- 
trol, 2, No. 9, 43-45, 55 (1955) Sept. 
Typical methods of fume treatment in 
pickling plant, fume scrubbing and 
chemical neutralization are described. 
Stainless steel impact plates in scrub- 
bing installation are mentioned.—INCO. 
10806 


8.9 Group 9 


8.9.1 

Nimonic Alloys and Other Heat- 
Resistant Materials in Sheet Form. 
H. E. Larnce. Paper before Sheet & Strip 
Metal Users’ Tech. Assn., October, 1959. 
Metal Treatment & Drop Forging, 1% 
No. 121, 445-448 (1955) Oct. ee. 

Reviews position and gives details ot 
some of the alloys used in sheet form 
in modern aircraft, Material most often 
specified in Great Britain for flame 
tubes and other hot sheet-metal parts !5 
Nimonic 75. Later development is N- 
monic 80 which has higher creep 
strength than Nimonic 75. Althoug! 
Niomic 90 has been produced in sheet 
form, little practical experience has been 
obtained on this alloy outside the labe- 
ratory. A 3-ply material known as Nimo- 
ply, employing a core of high-thermal- 
conductivity copper protected by oute! 
layers of Nimonic 75 appears promisine, 
A considerable amount of stainless stee 
is used, particularly in exhaust syste! 
Most widely used is 18/8 chromium 
nickel alloy, used extensively tor '! 
pipes. Jessop’s G.19—a complex stainless 
alloy—is made in sheet form for hot par 


e . ors ° . “() 
of engine. Table, illustrations—INt 
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10806 Haste.ioy alloy C is the most universally 
corrosion-resistant alloy available today. In 
addition to aerated sulphuric acid, it has ex- 

her Heat- cellent resistance to such strong oxidizers as 

Form. ae ‘ : : 

oo Strip nitric acid, wet and dry chlorine, and acid 
tober, 1955. solutions of salts. It is available in nearly all 
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8.9.3 

Give Your Pipe Coating a Chance. 
WarreEN D. PacMer. Pipe Line News, 27, 
45-46, 48, 2A (1955) May. 

Importance of independent supervision, 
inspection and field control in the various 
processes of pipe line construction—BTR. 

10598 
8.9.3, 5.2.1, 1.2.2 

Economic Considerations of Corro- 
sion Control on Underground Piping. 
A. W. Peasopy. Ebasco Services, Inc. 
Gas, 31, Nos. 7, 8, 45-49, 47-51 (1955) 
July, August. 

Economic comparisons are made to 
illustrate how to take proper advantage 
of corrosion control methods and tech- 
niques that will result in lowest overall 
cost without sacrificing system perform- 
ance. Corrosion costs on a sample sys- 
tem are tabulated. Economic balance 
between use of rectifiers and use of 
galvanic anodes is considered. Impor- 
tant factors affecting installation of 
galvanic anodes are soil resistivity and 
cost of working on right-of-way, impor- 
tant variables affecting rectifier instal- 
lations are soil resistivity, right-of-way 
costs for ground bed construction and 
electric power costs. Effect of some of 
these factors in a sample pipeline sys- 
tem is illustrated. Selection of anode 
materials and spacing between anodes 
are other factors affecting economics of 
protection system. Graphs, tables —INCO. 

10589 
8.9.3, 5.2.1, 5.4.10 

The Scenic Inch. Part II. Pipeline 
Design. Gas, 31, No. 10, 184-192 (1955) 
October. 

Description of a 1466-mile natural gas 
pipeline from New Mexico to the Cana- 
dian border. A conventional cathodic 
protection system is planned. At pres- 


NO HOT DOPE POT 
NEEDED WITH 


GLAS Kole 


HANDY TAPE FOR 
gee 


A ready-to-apply, plasticized coal 
clam caeMees tel cecexem ym eIC Ke lm 
providing 


High Soil Stress Resistance 


High Impact Resistance 


High Bonding Strength 


No Other Adhesive Needed 


Effective on any above, or below 
ground installation. 


MIDWESTERN 


PIPE LINE PRODUCTS CO. 
Box 1886 Tulsa, Oklahoma 
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ent, test leads are attached at 5-mile 
intervals to facilitate installation of ca- 
thodic protection program. Coating specifi- 
cation calls for a priming coat, 3/32 
inch thick coat of asphalt-base enamel 
and a fiberglass wrapper with kraft 
paper wrapper to prevent coating dam- 
age during backfilling —INCO. 10793 


8.9.3, 5.2.3 

Texas-Southern California Line Has 
Cathodic Protection of 1630 Miles. R. J. 
Emerson, Paper before Pacific Coast Gas 
Assn., Tech. Sec., Gas Supply and Trans- 
mission Conf., Palm Springs, California, 
May 2-3, 1955. Gas Age, 116, No. 3, 29- 
30 (1955) August 11. 

Line is 26 and 30-inch diameter, coated 
with coal tar enamel and wrapped with 
felt, kraft and reinforcing glass mat and 
has 63 cathodic protection stations.— 


INCO. 10516 


8.9.5 

Corrosion and Protection Against 
Corrosion in Ship Building. (In Ger- 
man.) K. Sautner. Z. Ver. deut. Ing., 97, 
No. 22, 747-752 (1955) August 1. 

Causes of corrosion inside and out- 
side a ship and preventive measures by 
cathodic means, chemical inhibitors and 
removal of moisture from storage tanks. 
Graph, photographs, table, diagrams. 28 
references.—BTR. 10406 


8.9.5, 1.6 

Design and Construction of Steel 
Merchant Ships. D. Arwnort, Editor. 
Book, 1955, 494 pp. Available from: Soc. 
of Naval Architects & Marine Engrs., 
29 West 39th Street, New York 18, New 
York. 

Basic and structural design, methods 
of joining structural parts, hull piping 
systems, ventilation, air conditioning and 
refrigeration and hull preservation and 
maintenance are among the topics dis- 
cussed.—INCO. 10702 


8.9.5, 3.2.2 

The Investigation of an Unusual 
Cause of Shipbottom Pitting. R. P. 
Devo_uy. Corrosion, 12, No. 1, 33t-38t 
(1956) January. 

Two unusual and severe cases of ship- 
bottom pitting were encountered within 
the space of a few years. Although the 
two incidents occurred in polluted har- 
bors 3000 miles apart, the vessels in- 
volved showed the same symptoms. 
These symptoms were rapid pitting, in- 
activation of the blackened antifouling 
paint and good electrical conductivity of 
the black surface film. The black con- 
version product, found only in the up- 
per layer of the antifouling paint, was 
shorted to the steel hull. 

A study of the painting history of the 
vessels involved and of the conditions 
to which they were exposed in service 
indicated two common factors were pres- 
ent on ships that pitted, First, there was 
contact between the antifouling paint 
and the steel hull and secondly, there 
was exposure to sulfide forming waters. 
When one of these factors was missing, 
vessels exposed to the other condition did 
not show unusual pitting. 

To confirm a theory as to the cause 
of pitting a series of test panels dupli- 
cating conditions experienced in service 
were prepared, The tests, with suitable 
controls tended to substantiate the the- 
ory advanced. From information so ob- 
tained it was possible to recommend 
simple measures that would prevent the 
recurrence of the severe underwater 
corrosion described. 10575 
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8.9.5, 5.4.5 

The Painting of Ships. T. A. Bay. 
FIELD. Corrosion Technology, 2, No. 1 
302-306, 316 (1955) October. a 

Discusses surface preparation and pre- 
treatment, priming and finishing paints 
for service above water and under wa. 
ter, anti-fouling compositions and their 
testing, and application conditions it 
dry docks and shipyards. 12 references 
—INCO. 10692 


8.9.5, 6.4.2 

On the Applications of Aluminium jn 
Marine Constructions. (In German ) 
H. E. JAEGER. Aluminium, 31, No, 11. 53}- 
540 (1955) November. 

A synopsis of the possible uses oj 
aluminum in marine construction is pre- 
sented. The list of various types of ves- 
sels and naval construction-components, 
suitable for the use of light metals, is 
subdivided into three groups, depending 
on whether the basic properties of alu- 
minum, its light weight, or corrosion 
resistance are required in their construc- 
tion. It is pointed out and graphically 
illustrated that with the use of alumi- 
num the decrease in weight fundamen- 
tally modifies marine design and in- 
creases the vessel’s loading capacity, 
stability and speed. A detailed analysis 
of the strength properties of all-aluminum 
vessels, aluminum construction elements 
and aluminum superstructures is given, 
with separate discussion of those super- 
structures which contribute to the me- 
chanical strength of the vessel. Design 
calculations and formulae are presented 
and a list of requirements for the dimen- 
sioning of aluminum superstructures and 
deckhouses specified by the various marine 
insurance agencies is given. The study 
is concluded by an analysis of the out- 
standing advantages of aluminum in 
non-constructional parts and accessories — 


ALL. 10811 


8.10 Group 10 


8.10.2 
Hobbed Beryllium Copper Die Casting 
Cavities. A. M. Sanpers. Precision Meta 
Molding, 13, No. 2, 42, 77-78 (1955) Feb 
Use of beryllium-copper mold cavities 
offers most satisfactory and economical 
method of producing cavities. Instead 
of driving intricate hobs into steel. 
beryllium-copper is poured around them 
with pressure then applied. Greatest 
advantage in using beryllium-copper 's 
the lesser force required to form the 
cavity, To prevent erosion of cavity due 
to action of molten zinc alloy passing 
through it, hard chromium plate 1s ap- 
plied—INCO. 10636 


8.10.2 . 

Fire-Resistant Hydraulic Fluids for 
Die Casting. Part II. Non-Aqueous 
Base. J. S. Harris. Precision Metal Mola- 
ing, 13, No. 1, 73-79 (1955) Jan. 

Only three commercial non-aqueous 
fire-resistant fluids possess the lubrica- 
tion and other characteristics necessar) 
in hydraulic fluids. These are teocze#) 
phosphate, Aroclor 1248 and Pydraw! 
7-9. The author discusses how each 0! 
these fluids satisfies the requirements | 
fire-resistance, viscosity, lubrication, "0 
corrosiveness, stability, resistance to m0! 
ture, compressibility, compatability, !0% 
city, service life and price. He consider 
that these synthetic hydraulic fluids are ™ 
only safer than the aqueous-base eee 
but are excellent hydraulic fluids in the! 
own right—ZDA. _ 
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New, ‘Speed-up” Features 
Reduce Installation and 
Service Time! 


STEEL FRAME carries stacks, wiring, controls 


and panels ... bolted in... ready for installation. Top, 
door and sides are attached separately to the frame. 
Takes less than 5 minutes to remove and re-assemble. 


HEAVY DUTY POLE BRACKET with hoist 


holes makes it easy to pull rectifier up to desired height 
sbtaiati and and secure to pole. Bracket can be converted to cross 
“ious marine arm mounting with the addition of an available acces- 
The study “ae " sory. 


of the out- 
aminum in 
ecessories.— NEW ACCESSIBILITY. Open from top and 3 ‘a 
811 ‘ : 
- sides for easy access to all components without remov- Moving Ahead 


ing from pole. 


STREAMLINED TOP AND SIDES fit to- 


gether like a glove—provide excellent weather protec- 
tion. Streamlined design and modern appearance make 
it highly acceptable in urban construction. See this new rectifier and 


with 1957 
Functional Design 
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Everything in the cathodic protection field .. . 
from an insulating washer to a turnkey contract installation. 


DENVER 


(Golden) P. O. Box 291 
CRestview 9-2215 
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Fight corrosion 
and save money 


with USS AMERICAN 
Pipe Coupling Shunts 


Theyre prefabricated, and curved 
to fit the pipe! USS American Pipe 
Coupling Shunts are designed espe- 
cially for easy application on me- 
chanical pipe couplings. They save 
the time and labor of fabricating 
home-made shunts, are 
install, and do a better job of pre- 
venting electrolytic corrosion. 
Terminals and secondary conduc- 
tors are steel. Main conductor is 


easier to 


heavy copper bar. Conductors are 
welded permanently to the pipe and 
coupling to keep entire assembly at 
same potential. 

' Write for information about ca- 
thodic protection devices manufac- 
tured by American Steel & Wire. 
, These include pipe coupling shunts ; 
anode connectors ; suspended anode 
‘connectors for piers, dry docks, 
ships; and coupon connectors for 
connecting leads to pipe. 


AMERICAN STEEL & WIRE 


DIVISION, UNITED STATES STEEL 


GENERAL OFFICES: CLEVELAND, OHIO 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS AMERICAN PIPE COUPLING SHUNTS 
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Here’s why ALCOA’S NEW ALUMINUM ANODES 





CORROSION 


ABSTRACTS 


give ships and marine structures more protection 


MORE AMPERE-HOURS 
PER POUND OF METAL 


Aluminum anodes put out an average of 725 
ampere-hours per pound. At current metal prices, 
this is a 44% better buy than with magnesium and 
6% better than zinc. 


NO SHIELDS OR RESISTORS 


Not only do aluminum anodes put out more 
ampere-hours, they put them out at a safe rate so 
that shields or resistors are not needed. Damage 
to adjacent coatings is minimized — almost 
eliminated. 





os 
. 





LONGER PROTECTION PER POUND 


Aluminum anodes are nonpassivating . . . remain 
active. Installations can be designed for long- 
time service, cutting replacement costs. Continu- 
ous protection is provided during long away-from- 


drydock periods. 
3) THE ALCOA HOUR 
any TELEVISION'S FINEST LIVE DRAMA 
‘G) ALTERNATE SUNDAY EVENINGS 


WRITE FOR COMPLETE DATA ° °* 


Aluminum Company of America 
1670-M Alcoa Building, Pittsburgh 19, Pa. 
Please send technical bulletin on Alcoa Aluminum Anodes. 


Name pe ee 
Company = 
Title 


Address 


against sea-water corrosion at lower cost 








400 






Amp. Hrs. /Lb., average 





Nm 
oO 
oO 





Ma /In.2 
Anode Current Density 





SHAPE AND SIZE FOR EVERY NEED 


Alcoa’s new line of marine anodes includes 8 basic 
types to cover every type of application: hulls, 
tanks, piers, ‘““Texas Towers,’ condenser boxes 
and similar applications. Installation can be by 
means of bolts, welding or suspension. Designs 
provide for fast, easy installation at minimum 
cost. Available in many sizes . . . with pitch under- 
coating, cast-in cores, or as 1-inch utility plate. 
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Your Guide fo the 
Best in Aluminum Value 
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- Material “B" 







Material “C" 
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You can 


NATIONAL ASSOCIATION OF 


see why ; 


Saran Lined Pipe 


cuts corrosion costs 


It’s made of corrosion-resistant saran swaged into rigid 
non-bursting steel . . . liquid never touches metal in these installations 


Here’s your best way to convey acids, 
alkalies and other corrosive liquids al 
saran lined pipe, fittings and valves. 
This modern piping is corrosion resist- 
ant... forms snug, leakproof joints. . . 
is available for working pressures up 
to 150 psi. Fittings and valves are also 
available in steel for working pressures 
to 300 psi. 


Installation costs are low with saran 
lined pipe, fittings and valves. Saran 
lined pipe can be cut and threaded in 


Saran Lined Pipe is Manufactured by 
The Dow Chemical Company, Midland, Michigan 


the field with available pipe-fitters’ 
tools. Its rigidity means few supporting 
structures are needed. 


Saran lined pipe has an outstanding 
record of trouble-free performance in 
the chemical, petroleum, waste, pulp 
and paper, metal finishing, and food 
processing industries. For further in- 
formation send in the coupon at the 
right. THE DOW CHEMICAL COMPANY, 
Midland, Michigan. 


CORROSION 


ENGINEERS 


at a flanged connection like this. 


Saran Lined Pipe Company 
2415 Burdette Avenue 
Ferndale 20, Michigan 


Dept. SP625D-1 
Please send me information on saran lined pipe, valves 
and fittings. 


Name__ Title _—__—— 


Company- = nie 


Address 


City State____— 


you can depend on DOW PLASTICS 


Liquid never touches metal in saran lined pipe even 


———————~——----------] 
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* Virtually chemically and galvanically inert ; 
* Predictable low consumption rate 
*k Electrically stable with good conductivity 


* Dense homogeneous structure — no 


moisture absorption 


* No practical current density limitations 


ra 


ned pipe even 


DURIRON’ 


ANODES fe cathodic protection 


HB CORROSIUN RESISTING J 
SLLOYS & EOUIPMENT ; 


THE DURIRON COMPANY, Inc. / Dayton, Ohio 





Only by a freak of fortune does the leaning tower of Pisa still 
stand. A faulty foundation was not apparent until the structure 
was three stories high. It is believed the architects were then 
forced to compensate by adding weight to the opposite side to 
save the building. 

Are you building corrosion problems into your plant structures 
and equipment that will inevitably have to be compensated for 
by tremendous replacement costs? Many of these costs can be 
eliminated at the planning stage by taking advantage of the serv- 
ices of an expert in the field of corrosion resistant coatings... the 
Amercoat Sales Engineer. 

The Amercoat Sales Engineer is trained in the principle that 
in corrosion engineering, too, foundations are all-important. You 
can put this factory-trained man on your staff, so to speak, with- 
out cost or obligation. His advice will be truly objective since 
it is based on a knowledge of all types of protective coatings and 
more than 43,000 case histories in our files. You can be sure that 
the Amercoat coating he recommends, whether vinyl, phenolic, 
epoxy or any other type, will be the right one for your job, and 
the most economical on the basis of cost per square foot per year. 

Therefore, to effect important economies in specifying protec- 
tive coatings you are cordially invited to call on your Amercoat 
Sales Engineer... right at the beginning. He will analyze all per- 


pe ee 


i hi 


tinent data concerning your corrosion problems based on our 
nearly 20 years of corrosion control experience, and give you 
a comprehensive recommendation. In addition to recommending 
the proper coatings, he will assist you in writing complete speci 
fications. However, this is not the full extent of his service: ) 
will also be available for consultation at the job site to insure 
proper application. 

There are more than 70 Amercoat Sales Engineers and Dis 
tributors located throughout the country. It will pay you to talk 
to one of these men whether you are building a new plant or at 
interested in the efficient maintenance of existing facilities. Th 
same service is available and equally important savings can 
realized in both cases. ‘ 

May we send you the name of the Amercoat man nearest you 
Literature containing many helpful suggestions for the design 
and corrosion engineer is also available on request. Write © 
Amercoat Corporation, 4809 Firestone Blvd., South Gate, Caht 
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eflon” forms gas-tight seal in 
corrosion resistant Aloyco valves 


Longer lasting ~ 


ALOYCO 


VALVES 





+7 
av 
¢ st? 
ORrosivet 
Subsidiary of Walworth Company 


*Registered DuPont trademark. 


Hard-to-hold volatile or elusive fluids—even if 
highly corrosive—can’t leak past the Teflon discs or 
packing in this Aloyco valve. 

The reason? Teflon’s ability to form a gas-tight seal 
under compression —even when the seating surface or ad- 
joining metal is slightly corroded. That’s why Teflon- 
equipped valves outlast and outperform valves with 
metal-to-metal seating surfaces in handling volatile 
corrosive fluids. 

Add to that the fact that Teflon has high impact 
strength under hydraulic shock loads, and is inert to 
almost all chemicals up to 500° F., and you'll see why 
Aloyco pioneered the use of this unique material for 
discs, seats and packing in corrosion-resistant valves. 


Aloyco valves with renewable Teflon discs, seats, 
and packing come with screwed or flanged ends in a 
variety of styles: globe, Y, angle, swing-check, needle, 
plug-gate—as well as sampling valves. You'll find 
them all described in our new bulletin No. 11. Mail 
coupon below for your copy. 6.4 


ALOYCO GLOBE VALVE holds Teflon disc securely against pos- 
sible overload. 


Alloy Steel Products Company, Inc. 
1304 West Elizabeth Avenue 
Linden, New Jersey 
Gentlemen: 
Please send me a free copy of your new Bulletin No. 11 on Aloyco valves 


with renewable Teflon discs or seats. 


Name___ 





 —— 


Address _ 
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A sample of every melt is rushed to the lab for speetrographie analysis via a pneumatic tube similar to those in depa 





Spot check? No sir— Each Magnesium Anode is 


QUALITY CONTROLLED 
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Send for Descriptive Booklet 
on TARSET today 


Free booklet tells how to use 
amazing new Tarset to reduce 
costly corrosion. Gives detailed 
description of Tarset’s specifi- 
cations, properties and applica- 
tion characteristics. Write for 
your Copy today! 
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THis MONTH’S COVER—These may look like 
widen variety nails nearly everyone is familiar 
‘ih—but they emphatically are different. 
shn Hassall, Inc., Westbury, L. I. makes nails 
‘ie these of Hastelloy alloy Cc for fabrication 
nd repair of wooden vats holding strong corro- 
wes, They are used extensively in the paper 
making and atomic energy industries. 
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